
AN ABSTRACT OF THE THESIS OF

Kent Adams for the degree of Doctor of Philosophy in Exercise and
Sport Science presented on July 14. 1992.
Title:

Abstract approved:
/1 John P. O'Shea

The purpose of this stud'y was to investigate strength, power,
flexibility, and bone mineral density (BMD) in adult men, and further
understanding of the relationship of strength and lean body mass to
BMD. Strength, power, flexibility, and BMD were measured in 40
active males 35 to 63 years old. There were three observation
groups: (1) competitive weightlifters (C) (n=13), (2) recreational
weightliters (R) (n=14), and (3) active, non-weightlifters (N)
(n=13). Strength of the back, quadriceps, biceps, abductor, and
adductor muscles was measured using an isokinetic dynamometer.
Power was tested with the vertical jump test. Low back flexibility
was assessed with a standard flexibility test. Mineral density of
the proximal femur (hip), spine (L2-4), and whole body, and body
composition, were evaluated by dual-energy X-ray absorptiometry.

T-tests revealed no significant difference (p<.05) between the N
and R groups in muscle strength, power, flexibility, and BMD;
therefore, these two groups were combined to form one group (NR).
A significant 45% (p=.0001), 34% (p=.0002), 19% (p=.0060), 18%
(p=.0018), and 10% (p=.0058) greater difference was found in the C
group over the NR group on back, quadriceps, biceps, adductor, and
abductor strength, respectively. Vertical jump and flexibility were

Redacted for Privacy



significantly greater by 28% (p=.000l), and 17% (p=.0440), in the C
group. Values of lumbar spine, femoral neck, total hip, Ward's, and
whole body BMD were significantly greater in the C group by 13%
(p=.0086), 12% (p=.0235), 10% (p=.0163), 19% (p=.0124), and 5%
(p=.0285), respectively. Percent bodyfat was C=1 1.9±3.6%,
R=14.6±3.6%, and N=17.4±2.3%.

In stepwise regression, back strength best predicted lumbar
spine BMD (R2=.31), and quadriceps strength was the most robust
predictor of femoral neck (R2=.32), and total hip (R2=.30), BMD.
Ward's and trochanter BMD were best predicted by age, while lean
mass and back strength combined to predict whole body BMD.

This study suggests that competitive weightlifting may result in
greater levels of muscle strength, power, flexibility, and bone
mineral density than recreational weightlifting or active
weight-bearing exercise. The results of the study show a strong
relationship between specific muscle strength and whole body and
regional bone mineral density, with quadriceps and back strength
being the dominant factors.
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Strength, Power, Flexibility, and Bone Density

in Adult Men

INTRODUCTION

Society is getting older. The growth of the aged population is a

worldwide phenomenon (Hooyman & Kiyak, 1988). It is estimated

that the age group of 65 and older will account for 13% of the

population by the year 2000 and 17% by the year 2020 (Tinetti,

Speechley, & Ginter, 1988). A United States Senate Special

Committee on Aging (1985) has stated that in the United States, the

85-plus population is growing faster than any other age group and by

2050 will form 5% of the total population and 24% of the 65-plus
population.

This demographic trend of an aging population is resulting in a

commensurate number of people incurring problems associated with

low strength levels (Fiatarone et al., 1990; Israel, 1991; O'Shea,
1981) and low bone mass (osteoporosis) (Block, Genant, & Black,

1986; Meier, Orwoll, & Jones, 1984). According to Jette and Branch

(1981), after age 74, 28% of men and 66% of women in the United

States cannot lift objects heavier than 4.5 kilograms. There exists

a close correlation between lower extremity muscle weakness in the

elderly and their risk of falling (Fiatorone et al., 1990). Loss of

flexibility also appears to be a contributing factor to falls in the
elderly (Alexander, Schultz, & Warwick, 1991; Gehlsen & Whaley,

1990). The combined effect of reduced neuromuscular function and
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low bone density often leads to a debilitating or fatal injury such as
hip fracture (Cummings & Nevitt, 1989). By 80 years of age, one of
every three women and one of every six men will suffer a hip
fracture (Riggs & Melton, 1986). Hip fractures result in fatality in
12-20% of reported cases and require long-term professional care
for half of those who survive (Riggs & Metton, 1986).

Several studies have linked bone mineral density to muscle
development. Doyle, Brown, and Lachance (1970), utilizing cadavers,
found the weight of the left psoas muscle to be significantly
correlated with the ash weight of the third lumbar vertebrae.
Multiple regression analysis revealed psoas weight as the most
robust predictor of vertebral ash weight. Doyle et at. (1970)
theorized that increased muscle size results in greater loading on
bone, leading to increased bone mass. Further, Block et at. (1989)
found a significant correlation between bone mineral density of the
spine and hip and the paraspinous muscular area. Interestingly, this
suggests bodybuilders, with their optimization of muscle size,
would have the highest bone mineral density. This is supported by
Heinrich et al. (1990), who found female bodybuilders to have the
highest fat-free body mass and bone mineral content when compared
to female runners and swimmers.

Conroy et at. (1990) demonstrated a significant relationship
between bone mineral density of the spine, femur, trochanter, and
Ward's triangle, and maximum lifting ability in the snatch, clean and
jerk, and total (snatch plus clean and jerk). Bevier et al. (1989)
found that muscle strength of the back correlated with bone mineral
density of the lumbar spine in elderly men, while grip strength was
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significantly correlated with forearm bone mineral density in both
men and women. In a study of premenopausal women, Snow-Harter
et al. (1990) found biceps strength to be the most robust predictor
of hip density, with grip strength independently predicting spine
density.

Along with the evidence that muscle strength correlates with
bone mineral density, experiments with animal models by Lanyon,
Rubin, and Baust (1986), Rubin (1984), Rubin and Lanyon (1984,
1985, 1987) demonstrated that structural competence of cortical
bone can be maintained and increased by relatively few diverse
loading events. The authors suggested that short exposure to a
diverse stimulus causes maximum adaptation in the cellular
processes responsible for tissue remodeling. This concept is
supported by Whalen, Carter, and Steele (1988), who refined a
mathematical model of bone remodeling originated by Carter, Fyhrie,
and Whalen (1987). The model suggests that bone density is more
strongly influenced by increasing the joint reaction forces (loads)
rather than the number of loading cycles (repetitions) (Whalen et al.,
1988). This directly relates to the higher intensity, lower
repetition training involved in competitive weightlifting versus the
lower intensity, repetitive stimulus involved in other forms of
exercise such as recreational weightlifting, jogging, and aerobics.
In support, Granhed, Jonson, and Hansson (1987) found world-class
powerlifters to have extremely high bone mineral content values of
the third lumbar vertebrae when compared to age match controls.
Conroy et al. (1990) observed that elite weightlifters had
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significantly greater bone density of the spine and proximal femur
than was found in comparable reference subjects.

In recent years more attention has been focused on weightlifting
as a means of combating the age-related declines in muscular
strength and bone mineral density (Fiatarone et al., 1990; Frontera,
Meredith, O'Reilly, Knuttgen, & Evans, 1988; Granhed et al., 1987;
Stone, 1991). However, studies investigating the effects of
weightlifting on strength and/or bone mineral density in older
subjects have been limited.

In a study by Ayalon, Simkin, Leichter, and Raifman (1987),
postmenopausal women performed low intensity forearm loading
exercises for 15 minutes per day, 3 days a week for 5 months. Loads
were applied by muscle activity and bodyweight to cause
compression, torsion, tension, and bending in the forearm. The
results demonstrated significant increases in bone mineral density
of the forearm, compared to sedentary controls. Pruitt, Jackson,
Bartels, and Lehnard (1992), trained 27 women for 9 months, 3 days
per week for about 40 minutes per session. Intensity was held at
between 10 to 15 repetitions maximum. Training utilized a

Universal gym and free weights. No full range, multi-joint, free
weight movements, such as squats, deadlifts, or overhead presses,
were employed. No significant increases in lumbar, femoral neck, or
distal wrist bone density occurred, but the weightlifters did show
significant improvement in lumbar density, compared to controls. In

a similar study, Moroz, Sale, Webber, and MacDougall (1990) trained
postmenopausal women 3 days per week for 47 weeks with weighted
arm curls and shoulder presses, plus high intensity biking. A
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significant increase in bone mineral content of the lumbar spine was
found. Not all studies reported positive benefits of weight training;
Rockwell et al. (1990) suggested that weightlifting may be
detrimental to the skeleton. Their study demonstrated a decrease in
lumbar density of 3.96%, despite a 57% increase in overall muscle
strength. The control group experienced no change in lumbar bone
density. Subjects circuit trained on machines, 2 times per week for
9 months. Intensity was mild, with loads set at 70% of one
repetition maximum for 2 sets of 12 repetitions per exercise.

In a case study, O'Shea (1981) investigated how much strength
developed in a 13-year weightlifting career could be regained 16
years later at the age of 51. A 1-year periodized powerlifting
program was instituted, with full squats as the cornerstone of
training. Dynamic strength increased to levels comparable to lifts
performed during the subject's competitive days, with a full squat,
bench press, and deadlift of 214, 114, and 250 kilograms,
respectively, at a bodyweight of 85 kilograms. At the age of 60,
after engaging in no serious powerlifting for 8 years, the subject
again underwent specialized high intensity strength training in the
form of functional isometrics, combined with dynamic free weight
lifting (O'Shea & Adams, 1990). Loads of 100 to 150% of maximum
were handled during 6 weeks of intense training. At a bodyweight of
82 kilograms, the subject squatted 215 kilograms and just missed
with 227 kilograms, then deadlifted 237 kilograms.

Males age 60 to 72 years were strength trained by Frontera et al.
(1988). Subjects performed quadriceps and hamstring exercises on a
Universal machine for 12 weeks at 80% of one repetition maximum.



Training frequency was 3 days per week, and volume was set at 8
repetitions. Dynamic strength of the quadriceps and hamstrings
increased by 107% and 226%, respectively. Fiatarone et al. (1990),
studied institutionalized subjects, age 86 to 96 years old, who
performed progressive resistance weightlifting of the quadriceps 3

days per week for 3 sets of 8 repetitions, at 80% of one repetition
maximum. Quadricep strength increased by an average of 174%, with
a 32% strength loss occurring after only 4 weeks of detraining.

With the exception of the strength based studies by O'Shea (1981)
and O'Shea and Adams (1990), no published study of older subjects
investigating muscle strength and/or bone mineral density has
utilized a scientifically based free weight training program, founded
on multi-joint, full range, large muscle group movements, which
best load the entire musculoskeletal system. Instead, research
protocols have relied on machine training and limited use of low
intensity, isolation, free weight movements (Frontera et al., 1988;
Notelovitz et al., 1991; Rockwell et al., 1990).

Competitive weightlifting protocols for bodybuilders,
powerlifters, and Olympic lifters emphasize the use of multi-joint,
full range, large muscle group movements such as squats, deadlifts,
cleans, and high pulls, combined with isolated muscle training
(O'Shea, 1976). In terms of muscle strength, power, flexibility, and
bone density, the training protocol, not competition, is the most
important aspect of competitive weightlifting. By manipulating the
intensity, volume, and frequency of competitive style weightlifting,
it is possible to incorporate the basic format and structure of
competitive weightlifting to meet the fitness needs of the
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individual. This competitive style of weightlifting best promotes
total body strength, power, and flexibility (Adams, O'Shea, O'Shea, &
Climstein, 1992; Leighton, 1964; O'Shea & Wegner, 1981) and may be
the answer to developing and maintaining overall bone mineral
density (Conroy et at., 1990; Granhed et al., 1987; Heinrich et al.,
1990). Further, the neuromuscular similarities of multi-joint, full
range, large muscle group weightlifting movements makes for
excellent transfer of training to functional tasks for the elderly
(Garhammer, 1982; O'Shea, 1976; Stone & O'Bryant, 1987).

Another important aspect of competitive weightlifting is the use
of periodization. Through periodization the intensity, volume, and
frequency of workout sessions vary on a daily, weekly, and monthly
basis, while providing for adequate recovery periods (Bompa, 1983;
Matveyev, 1981; O'Shea, 1991). Competitive lifters utilizing the
periodization training concept train 4 to 6 days per week at
intensities up to 85-100% of one repetition maximum. Volume is
high, at 12-15 sets per bodypart, with repetitions at three to ten
per set. Total body training is emphasized using the periodized
regimen (O'Shea, 1976). Physical development and progress are
programmed systematically and progressively over time to avoid
overtraining and plateaus. Periodization helps the trainee avoid the
pitfalls of "hit and miss" non-directional training and maintain the
high-level motivation necessary for long-term training (O'Shea,
1991). It is the most scientific way to maximize training results
yet ensure safety (Matveyev, 1981). This concept is considered by
coaches as perhaps the most important cornerstone of athletic
training (O'Shea, 1991).



Recreational lifters generally do not utilize periodization. Their
training intensity, volume, and frequency are much lower than those
of competitive lifters (O'Shea, 1976). Recreational lifters are
usually not concerned with maximizing strength, power, and size,
thus the risk of overtraining is lower and variations in training are
less important. (Matveyev, 1981; O'Shea, 1991). Emphasis is usually
placed on upper body development, utilizing primarily machines
a'ong with free weights (Stone & O'Bryant, 1987). Recreational
lifters usually train at 50-85% of one repetition maximum,
performing one to two sets per bodypart for 8-15 repetitions,
emphasizing muscle endurance. Circuit training is often utilized to
optimize development of muscular endurance (O'Shea, 1976).

The present research compared muscle strength, muscle power,
bone mineral density, and flexibility in weight trained and non-
weight trained adult males, 35 to 63 years of age. There were three
observation groups: (1) competitive weightlifters, (2) recreational
weightlifters, and (3) active, non-weightlifters. The purpose of the
study was to gather data that might (a) help to construct a strength
training model on the development and maintenance of strength,
power, flexibility, and bone mineral density in the aging adult, and
(b) further understanding of the relationship of strength and lean
body mass to bone mineral density.



METHODS

Subjects
The subjects were 40 healthy white males, ranging in age from

35 to 63 years old, recruited from the community of Corvallis,
Oregon, by advertisement. For two or more years directly preceding
the study, the volunteers had participated in competitive
weightlifting (bodybuilding or powerhfting) (n=13, mean
age=42.5±8.2 years), recreational weightlifting (n=14, mean
age=46.2±7.4 years), or no weightlifting (n=13, mean age=43.2±6.8
years). The non-weightlifters were all active in weight-bearing,
recreational fitness activities (e.g., rugby, basketball, jogging,
raquetball) (Table 1).

After volunteering for selection, but before testing, all subjects
completed an activity questionnaire which helped delineate their
weight training regimen (intensity, frequency, volume). Anabolic
steroid users were excluded from the study. The testing protocol
was approved by the Human Subjects Committee of Oregon State
University, and subjects gave written consent prior to enrollment.
Bone Mineral Assessment

Bone mineral density (grams per centimeter squared) and bone
mineral content (grams) of the lumbar spine (L2-4), proximal femur
(hip), and whole body were measured utilizing dual energy X-ray
absorptiometry (QDR 1000W, Hologic, Inc., Waltham, MA). Precision
of this instrumentation is reported at 99% (Hologic Inc., 1990). The
femoral neck, trochanter, and Ward's triangle regions of the femur
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Table 1. Exercise Activity Characteristics by Group

Mean Hours Per Week
N B IBExercise

Weight-bearing 5.0±2.1 4.5±3.6 7.5±13.1 4.7±2.9
Non-weight-bearing .62±.85 1.1±1.7 1.7±3.3 .90±1.4

Note: N + R groups combined to form NR group.

N=active, nonweightlifters, R=recreational weightlifters,
C=competitive weightlifters, NR=recreational +
no nweightlifters
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were analyzed separately. Total hip mineral, which represents the
mean value for femoral neck, trochanter, and intertrochanter
regions, was assessed. The intertrochanter region includes a portion
of the femoral shaft just inferior to the lesser trochanter. From
whole body data, the Hologic QDR 1000W can determine lean mass,
fat mass, and percent body fat of the whole body and arms, legs,
trunk, and head. Using tissue composition software, bone and muscle
tissue were distinguished, making it possible to assess the
relationships among lean body mass (whole body and regional),
percent body fat (whole body and regional), and bone mineral density
of the lumbar spine, proximal femur, and whole body.
Strength Measurements

Muscle strength in pounds was measured with an isokinetic
dynamometer (KINCOM, model #H5000, Chattecx Corp., Chattanooga,
TN). During isokinetic testing, the speed of movement is constant
throughout the range of motion for a particular exercise, while the
force varies. Reliability of the KINCOM is reported to range from
r=.97 to r=.99 (Farrel & Richards, 1986; Mayhew, Rothstein, &
Finucane, 1989). Validity is reported as high when outputs are
compared to known force, speed, and angle inputs (Farrel & Richards,
1986). The gravity correction factor was not utilized.

Strength of the elbow flexors (biceps), knee extensors
(quadriceps), low back muscles (erector spinae), hip abductors
(gluteus medius and minimus), and hip adductors (adductor magnus,
minimus brevis) was tested. Subject had a 5 minute warm-up
(stationary cycling) prior to testing. Following two light warm-up
trials, four maximum tests were performed, with the highest value
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of the four tests defined as peak muscle strength. A 30-second rest
period between each test was allowed to ensure adequate recovery
time. The order of testing and the measurement protocols were as
follows:

1. Back (extension) - Subject sat upright in a trunk positioning
chair, with legs elevated and knees bent at 70 degrees of flexion.
Subjects back was positioned at zero degrees initially (upright),
with a load cell-pad combination placed on the back between each
scapula (shoulder blade). A pad was placed at the lower back region
to prevent anterior/posterior movement and the hips were securely
positioned to prevent lateral movement. When instructed, the
subject, with arms placed across chest, moved from a slightly
flexed (forward) position of minus-20 degrees to 15 degrees of
extension. Movement speed was controlled at 15 degrees per second.

2. Quadriceps (leg extension) - Subject sat in a chair, with legs
suspended and back supported. The load cell-pad combination was
placed just above the right ankle. When instructed, subject extended
the leg at the knee from a position of 85 degrees to 180 degrees.
Movement speed was controlled at 30 degrees per second.

3. Hip Abduction Subject was positioned horizontally on his
left side, facing the KinCom, with his left leg slightly bent for
support. A load cell-pad combination was placed just above the
right knee. Subject began with legs together, the right leg resting
on top of the left; then, when instructed, abducted the right leg
(moved away from the body) from a position of minus-i 5 degrees to
30 degrees. Movement speed was controlled at 30 degrees per
second.
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4. Hip Adduction - Subject began in the same position as in test

3, hip abduction, except the right leg was abducted 45 degrees.

When instructed, the subject adducted the right leg (pulled his right
leg toward his left leg) from a position of 45 degrees to zero

degrees. Movement speed was controlled at 30 degrees per second.

5. Biceps (elbow flexion) - Subject sat upright in a low chair,
with his right arm extended from the shoulder, resting on a pad. The

load cell-pad combination was placed on the wrist and, when

instructed, subject flexed his right arm from a position of zero
degrees to 110 degrees of flexion. Movement speed was controlled
at 30 degrees per second.

Power Measurement
Muscle power was assessed by the vertical jump test (Sargent,

1921). Reliability of the vertical jump test is reported at r=.93 in
males and females age 18 to 34 years (Safrit, 1990). Validity is

reported at r=.78, using a criterion test of four power events in
track and field (Safrit, 1990). Subject had a 5 minute warm-up
(stationary cycling) prior to testing. The Vertec (Sports Imports
Inc., Columbus, OH) vertical jump device was utilized to measure the
height of the jump. Subject stood with heels together, then reached

as high as possible with heels touching the floor, to push a ribbon
forward. Subject then performed three jumps from a

three-quarter squat position, jumping upward to attain a maximum

reach height with one hand and then pushing a ribbon forward. A

30-second rest period between each test was allowed, to ensure

adequate recovery time. The score was derived by taking the

difference between jump reach-height and standing reach-height.
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Measurements were taken to the nearest half-inch. The highest trial
was used in the analysis (Safrit, 1990).
Flexibility Measurement

Flexibility of the lower back was assessed utilizing the protocol
of MacRae and Wright (1969). Reliability is reported at r=.98
(Jackson & Baker, 1986; Jackson & Langford, 1989). Validity is
reported at r=.97 when test values were compared to radiologically
determined vertebral flexion (Jackson & Baker, 1986; Macrae &
Wright, 1969). A light overal' warm-up (stationary cycling) along
with passive stretching of the low back-hamstring area was allowed
(Jackson & Langford, 1989). Three trials were given with a 15-
second rest period between each. The following summarizes the
measurement protocol as described by Jackson and Baker (1986) and
Einkauf, Gohdes, Jensen, and Jewell (1987):

1. Subject's posterior superior iliac spines (PSISs) were located
and marked per the method described by Hoppenfeld (1976). The
PSISs were easily located because they lie directly underneath the
visib'e dimples just above the buttocks and are easily palpable. The
spinal column was then marked with a reference point parallel with
the PSISs.

2. While subject was in an erect position, the spinal column was
marked 10 centimeters above the PSISs reference point.

3. A point 5 centimeters below the PSISs reference point was
also marked on the spinal column.

4. Subject moved into the sit and reach position and attempted
to achieve maximum flexion of the spine by bending as far forward
as possible.
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5. While subject was in the flexed position, a flexible tape was

used to measure the distance in centimeters between the two points

marked in steps 2 and 3.

6. The low back flexibility measure was the difference between

the measured distance in step 5 and the original 15 centimeters.
Statistical Analysis

A personal computer with a Statview II software package

(Abacus Concepts, Inc., Berkely, CA) was utilized for data storage

and management. Standard descriptive statistics for each group
were computed. Simple t-tests were run to see if there were
significant differences between groups. T-tests revealed no

significant differences between the N and R groups on muscle

strength, muscle power, flexibility, or bone mineral density.
Therefore, the N and A groups were collapsed to form one group (NA),

after which two-sided t-tests were utilized to test for significant
differences between the NR (n=27), and C (n=13), groups. Alpha level

of .05 was used to show a statistical difference within 1 .50

standard deviations from the mean for a power of .80.

Simple regressions of muscle strength and lean body mass on

bone mineral density were conducted, followed by stepwise multiple
regressions. In the simple regression analysis, the use of multiple
comparisons in the group as a whole was accommodated by requiring

an alpha level of .01 for significance. A sample size of at least 22
subjects was needed to detect an r-squared of .5 at the .05 alpha

level and a power of .80.



RESULTS

Characteristics of the 40 subjects are presented in Table 2. No
significant differences were observed between the groups in age,
bodyweight, or height. The competitive (C) weightlifting group had a
significantly lower percent fat (p<.001) than the recreational (R) and
non-weightlifting (N) groups, while the R group was significantly
lower in percent fat (p<.001) than the N group. Average values for
bone mineral density, muscle strength, muscle power, and f'exibility
are presented in Table 3. T-tests revealed no significant difference
(p<.05) between the N and R groups on any of these values; therefore,
these two groups were collapsed to form one group of highly active
recreational exercisers (NR) to compare against the C group.

Table 4 summarizes the t-test results for comparisons between
the NR and C groups, on muscle strength, muscle power, flexibility,
and bone mineral density. A significant 45% (p=.0001), 34%
(p=.0002), 19% (p=.0060), 18% (p=.0018), and 10% (p=.0058) greater
difference was found in the C group over the NR group on back,
quadriceps, biceps, adductor, and abductor strength, respectively.
Vertical jump and flexibility were significantly greater by 28%
(p=.0001), and 17% (p=.0440), in the C group. Values of lumbar spine,
femoral neck, total hip, Ward's, and whole body bone mineral density
were significantly greater in the C group by 13% (p=.0086), 12%
(p=.0235), 10% (p=.0163), 19% (p=.0124), and 5% (p=.0285),
respectively. No significant difference was observed in trochanter
bone mineral density.
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Table 2. Average Mean Values on General Characteristics by Group

N B
Age, years 43.2±6.8 46.2±7.4 42.5±8.2 44.7±7
Bodyweight, kg 85.7±7.8 80.5±13.6 87.9±13.3 83.0±11.3
Height, cm 179.2±7.5 179.8±7.7 178.2±8.8 179.5±7.5
Percent Fat 17.4±2.3 14.6±3.6 11.9±3.6 15.9±3.3

Note: N + R groups combined to form NR group.

N=active, nonweightlifters, R=recreational weightlifters,
C=competitive weightlifters, NR=recreational + nonweig htlifters
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Table 3. Average Mean
Strength. Muscle

Values for
Power. and

Bone Mineral Density.
Flexibility by

Muscle
Group

N B

2
Bone mineral density, g/cm

LumbarSpine 1.18±.14 1.13±.10 1.30±.21
FemoralNeck 0.96±.09 0.87±.15 1.02±.16
Trochanter 0.83±.1 2 0.78±.09 0.87±.1 2
Total Hip 1.08±.08 1.01±12 1.14±.13Ward's 0.76±.1 1 O.68±.1 5 0.86±.20
WholeBody 1.26±.07 1.21±.07 1.29±.08

Muscle Strength, kg
Quadriceps 67.4±15.1 67.7±18.9 90.7±17.1
Abductors 39.6±1 0.4 35.7±11.7 48.0±9.3
Adductors 55.8±1 4.2 55.8±1 6.9 73.4±1 6.3
Biceps 25.4±3.1 29.3±6.7 32.7±5.1
Back 104.3±20.2 94.8±24.6 144.1±27.7Vertical Jump, cm 47.9±6.6 45.8±9.0 60.1±8.9Flexibility. cm 5.3±1.2 5.2±1.1 6.2±1.8

N=active, non-weightlifters, R=recreational weightlifters, C=competitive
weig htlifters
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-

Mean Value

Bone mineral density, g/cm2
Lumbar Spine 1.15±.13 1.30±.21 p=.0086
Femoral Neck 0.91 ±.13 1.02±.16 p=.0235
Trochanter 0.80±.1 1 O.87±.1 2 p=.0961Total Hip 1.04±.11 1.14±.13 p=.0163Ward's 0.72±.14 0.86±.20 p=.0124
Whole Body 1 .23±.07 1 .29±.08 p=.0285

Muscle Strength, kg
Quadriceps 67.6±16.8 90.7±17.1 p=.0002
Abductors 37.6±11.0 48.0±9.3 p=.0058
Adductors 55.7±1 5.4 73.4±1 6.3 p=.O01 8
Biceps 27.4±5.5 32.7±5.1 p=.0060
Back 99.4±22.7 144.1±27.7 p=.0001Vertical Jump, cm 46.8±7.9 60.1±8.9 p=.0001Flexibility. cm 5.30±1.1 6.20±1.8 p=.0440

Note: N + R groups combined to form NR group.
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Relationship Between Bone Mineral Density and Muscle
Strength, Age, Bodyweight, and Lean and Fat Mass

Lumbar spine density. In simple regressions, spine density
was significantly related (p<.05) to abductor (p=.0022), adductor
(p=.0068), back (p=.0003), and quadriceps (p=.0l67) strength, but
not biceps strength, age, bodyweight, or lean or fat mass (whole
body or regional) (Table 5). In stepwise regression analysis, back
strength was the only independent predictor of spine density (Figure
1). The multiple regression equation is as follows: spine, R2=.308,
BMD=.0O1 Back Strength + .834.

Femoral neck density. Age and quadriceps, abductor, and back
strength, were all significantly correlated (p=.0052, p=.0001,
p=.0068, and p=.0078, respectively) with femora! neck density, along
with biceps (p=.0443) and adductor (p=.0160) strength (Table 5).
Neither bodyweight nor lean or fat mass (whole body or regional)
were significantly related (p<.05) to femoral neck density. Stepwise
regression analysis revealed quadriceps strength as the most robust
predictor of femoral neck BMD (Figure 2) (R2=.323, BMD=.002
Quadriceps Strength + .636).

Trochanter density. Trochanter density was significantly
correlated (p<.05) with age (p=.0068) and quadriceps (p=.0035)
strength, but not abductor, adductor, biceps, or back strength, or
bodyweight and lean or fat mass (whole body or regional) (Table 5).
Stepwise regression analysis exposed age as the best predictor of
trochanter BMD (R2=.182, BMD=-.006 Age + 1.097). When age was not
included in the analysis, quadriceps strength was an independent
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predictor of trochanter BMD (Figure 3) (R2=.204, BMD=.0O1

Quadriceps Strength + .634).

Total hip density. Simple regression analysis demonstrated
that age and quadriceps, abductor, adductor, and back strength were

significantly related (p=.0038, p=.0002, p=.0023, p=.0086, and

p=.0022, respectively) to total hip BMD (Table 5). Bodyweight,

biceps strength, and lean or fat mass (whole body or regional) were

not significantly related (p<.05) to total hip density. Stepwise

regression analysis revealed quadriceps strength as the best
predictor of total hip bone density (R2=.301, BMD=.002 Quadriceps
Strength + .821) (Figure 4).

Ward's density. Age and quadriceps, abductor, biceps, and back
strength were all significantly correlated (p=.0012, p=.0008,
p=.0067, p=.0331, and p=.O078, respectively) to Ward's BMD (Table

5). Lean or fat mass (whole body or regional) and bodyweight were

not significantly related (p<.05) to Ward's bone density. Stepwise

regression analysis revealed age as the only independent predictor

of Ward's BMD (Figure 5). The equation is as follows: R2=.25,

BMD=.O1 Age + 1.201. When age was not included in the analysis,

quadriceps strength was an independent predictor of Ward's BMD

(R2=.26. BMD=.002 Quadriceps Strength + .437).

Whole body density. In simple regression, whole body BMD

was significantly correlated with age (p=.0180), bodyweight
(p=.0005), whole body lean mass (p=.0003), and quadriceps (p=.0042),

back (p=.0007), abductor (p=.0026), and adductor (p=.0004) strength,

but not regional lean mass, fat mass (whole body or regional), or

biceps strength at p<.05 (Table 5). In stepwise regression analysis,
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whole body BMD was best predicted by lean mass (whole body), and
back strength (BMD=.005 Lean Mass + .0004 Back Strength + .915).



23

Lumbar
Spine

Femoral
Neck

Trochanter Total
Hip

Ward's Whole

.16 44b 43b 45b 50b
Body
3a

Bodyweight .18 .16 .14 .16 .14
Lean Mass .26 .20 .20 .21 .20
Fat Mass .11 .03 .01 .06 .09 .19
Muscle Strength

Quadriceps 39a ,57d 55c ,5jc
Abductors 48b .31 47b 42b 46b
Adductors ,43b 38a .30 41b .27
Biceps .25 32a .17 .30 34a .29
Back b .31 47b ,42b_________

a<5 b< c< dQOO1
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Figure 1. Relationship between lumbar mineral density (g/cm2) and
back strength (kgs) in 40 healthy males age 35 and older.
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DISCUSSION

The purpose of this study was to gather data that might (a) help

to construct a strength training model on the development and

maintenance of strength, power, flexibility, and bone mineral

density in the aging adult, and (b) further understanding of the

relationship of strength and lean body mass to bone mineral density.

It was hypothesized that competitive weightlifters would

demonstrate significantly greater muscle strength, muscle power,
flexibility, and bone mineral density of the lumbar spine (L2-4),
proximal femur (hip), and whole body than recreational weightlifters
and active, non-weightlifters. The results of this cross-sectional
study support the prediction. The competitive weightlifters were
45%, 34%, 19%, 18%, and 10% stronger in the back, quadriceps,

biceps, adductor, and abductor muscles, respectively, than the
recreational and non-weightlifters. The competitive weig htlifters
vertical jump and flexibility scores were 28% and 17% higher,
respectively. Bone mineral density values for the lumbar spine,

femoral neck, total hip, Ward's, and whole body were 13%, 12%, 10%,

19%, and 5% greater, respectively, in the competitive weightlifters.
It was hypothesized that recreational weightlifters would

demonstrate significantly greater muscle strength, muscle power,

flexibility, and bone mineral density of the lumbar spine (L2-4),

proximal femur (hip), and whole body than active, non-weightlifters.

The results of this cross-sectional study do not support the
prediction. Percent bodyfat was the only variable in which a
statistically significant difference occurred.



The present study and Block et al. (1989) found that low
intensity, recreational weightlifting does not result in significantly
greater muscle strength or bone mineral density (BMD) than an

active weight-bearing recreational exercise program. Note the
statistically significant training differences between the
recreational and competitive weightlifting regimens (Table 6). A

critical difference is the percent of one-repetition maximum (1RM)
used in training. The recreational weightlifters trained at
intensities averaging 71% of 1RM, while the competitive

weightlifters averaged a training intensity of 86% of 1 RM. For

optimal results, a training intensity of 80% of 1RM or greater is
indicated by Fiatarone (1990), Frontera (1990), O'Shea (1981),

Stone, O'Bryant, Garhammer, McMillan, and Rozenek (1982), and

O'Shea and Adams (1990), who found that lower intensity training

targets muscle endurance but does not supply sufficient overload to
optimize strength results. This study suggests that low intensity,
recreational weightlifting does not supply sufficient overload to
enhance muscle strength, power, flexibility, and BMD, over that
which can be achieved through active weight-bearing exercise.

Competitive weightlifting emphasizes multi-joint, total body
movements such as Olympic lifts, parallel squats, and deadlifts.
These lifts are crucial for maximally loading the musculoskeletal
system and optimizing total body strength and power (Adams et al.,

1992; O'Shea & Wegner, 1981); bone mineral density may also be

stimulated (Granhed et al., 1987; Stone, 1991). Table 6 shows that

only 50% of the recreational weightlifters squat (versus 100% of the
competitive weightlifters). Only 21% of the recreational
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Mean Values
B

Hours per Week Lifting 4.1±1.1 6.2±1.3 p=.0001
Days per Week Lifting 3.0±.96 4.1±.86 p=.0053
Percent of 1RM used

in Training 71 .0±9 86.0±7 p=.0001
Reps per Set 8.9±1.9 5.8±2.5 p=.0015
Sets per Exercise 3.1±.92 4.0±.71 p=.0071
Sets per Bodypart 4.1±2.1 8.3±3.4 p=.0007
Years Lifting 14.0±11.3 13.3±10.6 NS
Percent that Squat 50.0 100.0
Percent that Deadlift 21 .0 77.0
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weightlifters deadlift (versus 77% of the competitive
weightufters). From a biomechanical standpoint, these differences
in training regimen constitute a major difference in functional
loading of the musculoskeletal system (Brown & Abani, 1985;

Cappozzo, Felici, Figura, & Gazzani, 1985). Combined with the

difference in intensity of training, this may explain some of the
major differences found in this study between the competitive and
recreational weightlifting groups.

A significant difference among groups was observed in percent

body fat, with the competitive weightlifting group having the lowest
percent fat, followed by the recreational weightlifting group and
then the non-weightlifting group. The only difference between the

recreational and non-weightlifting groups was in percent body fat,
with the recreational weightlifting group being significantly lower.
This suggests that weightlifting may be a crucial component in
maintenance of low fat levels. This is supported by Pollock, Foster,
Knapp, Rod, and Schmidt (1987), who found that regardless of age,

aerobically trained master athletes who strength trained maintained
fat-free weight better than those who only trained aerobically. It

was no surprise, however, that the competitive group had the lowest
percent fat, since about half the group competed in bodybuilding, a

sport which requires a low body fat level. Due to the lack of
significant differences between the recreational and non-

weightlifting groups, the following discussion incorporates a

collapsed recreational plus non-weightlifting group.

The bone mineral density of all areas except the trochanter (i.e.,

lumbar spine, femoral neck, Ward's, total hip, and whole body) was
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significantly greater in the competitive weightlifting group than in
the recreational plus non-weightlifting group. The results indicate
that competitive style weightlifting may supply a greater
mechanical load on the skeleton than does a highly active

recreational weightlifting or weight-bearing exercise program.

This is in agreement with Conroy et al. (1990) who found junior

national Olympic weightlifters to have a 13% and 34% greater
difference in lumbar spine and femoral neck BMD, respectively, over
comparable reference subjects. In elite powerlifters who train at
high percentages of their 1RM, Granhed et al. (1987) found that bone

mineral content of the third lumbar vertebrae was 34% greater than
it was in comparable reference subjects. Granhed et al. (1987)

observed that training intensity, stated as annual weight lifted,
directly reflected bone mineral content in the lumbar spine.

In relating this to the competitive versus recreational

weightlifters (Table 6), one can see that the competitive

weightlifters train at a far higher volume of sets and reps per
bodypart, at a statistically significantly greater percent of 1 RM.

This factor combined with the high percentage of competitive

weightlifters performing squats and deadlifts may help to explain
the high bone BMD found in the competitive group. Squats and

deadlifts supply great stress on the skeletal system and require
generation of high muscular torques on bones to overcome maximal

loads, combining for positive bone adaptation (Chandler & Stone,

1991; Cappozzo et al., 1985; Granhed et at., 1987; O'Shea, 1985).

The competitive weightlifting group demonstrated significantly
greater muscle strength than the recreational plus
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non-weightlifting group on all parameters (quadriceps, abductor,
adductor, biceps, and back). The greatest difference was found in
quadriceps and back strength, with an average difference of 23.1 kg
and 44.7 kg, respectively. This is not surprising when one notes the
emphasis on squats and deadlifts in the competitive weightlifting
group. These lifts best load the muscles of the legs and low back,
resulting in optimal strength improvement. O'Shea (1985) and
O'Shea and Wegner (1981) state that squats are the cornerstone of a
scientifically based weight training program for increased muscular
strength, power, and size. In addition to not performing core
strength exercises, the recreational weightlifting group trained at a
low percent of 1RM, emphasizing muscle endurance rather than
strength. The optimal development of leg and hip strength occurs
with 3-5 sets of 2-6 repetitions of squatting, pulling, and pressing
movements (Stone et al., 1982).

Maximal strength exhibition requires recruitment of all motor
units of a given muscle (Sale, 1991). Due to their low intensity,
endurance style of training, and their unfamiliarity with maximal
strength performance, the recreational plus non-weightlifting group
may not have been able to recruit the highest threshold motor units,
thus limiting their maximum strength scores (Sale, 1991). Further,
it was observed that the competitive group exhibited far greater
focus, hence mental arousal, before performing the maximum
strength tests. Due to their training, the competitive group may be
able to more effectively activate the neuropsychological system.
This self-generated arousal may have enabled the neuromuscular
system to maximize the motor response (generation of a strong
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ballistic impulse) required to exhibit maximal strength (O'Shea,
1 987a).

In light of the observed strength loss with age (Grimby & Saltin,
1983), note that the second oldest subject, a 62 year old competitor,
who had competitively trained for 41 years, had the third highest
back strength score of all subjects. The two scores above him
belonged to subjects (competitiors) 25 years younger, suggesting
that intense, muscular exercise may counteract the age-related loss
of muscle strength. In relation to bodyweight, only four subjects,
all competitors, were able to exceed double bodyweight in back
force. The highest quadriceps strength score was a competitive
bodybuilder, closely followed by two competitive powerlifters who
did not utilize leg extensions in training.

The low back flexibility of the competitive weightlifting group
was significantly greater than the recreational plus non-
weightlifting group. This was somewhat surprising since subjects
in both groups were very active in a variety of activities requiring
low back flexibility. A possible explanation is the higher incidence
of multi-joint, full range of motion lifts such as squats and
deadlifts in the competitive group. These lifts require flexibility of
the hips and low back. This is supported by O'Shea (1981) who noted
that strength training emphasizing full squats, increases flexibility
of the hamstrings, hips, and lower back. Further support for
flexibility increases from a comprehensive, full range of motion
weightlifting program has been demonstrated by Leighton (1964) and
Thrash and Kelly (1987). There was no significant difference
between the recreational plus non-weightlifting, and competitive
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weightlifting groups in the number of people who stretched on a
regular basis.

In evaluating muscular power of the hips and thighs, the

competitive group demonstrated significantly greater vertical
jumping ability than the recreational plus non-weightlifting group,

jumping 13.3 centimeters higher on the average. Sale (1991)

suggests that the increased neural adaptation resulting from high

intensity strength training may increase the recruitment of high
threshold, high force, motor units, thereby increasing muscular
power. O'Shea (1985) believes that the dynamic nature of the

parallel squat is highly conducive to enhancing neuromuscular

efficiency (e.g., facilitating the stretch reflex). Neuromuscular
efficiency, in turn, allows for excellent transfer of power to other
biomechanically similar movements that require a powerful thrust
from the hips and thighs, such as vertical or horizontal jumps
(Adams et al., 1992). Only 50% of the recreational weightlifting

group squatted, at a reduced (71% of 1RM) intensity, while 100% of

the competitive weightlifting group squatted at intensities
averaging 86% of 1 RM. In comparing vertical jump scores to norms

for men age 18-34 years (Safrit, 1990), the mean score for the
competitive group falls within the 80th percentile, while the mean

score for the recreational plus non-weightlifting group falls within
the 60th percentile.

Bone Mineral Density and Muscle Strength
This study looked at the relationship of muscle strength to

regional and whole body bone mineral density (BMD). It was

hypothesized that muscle strength of the back would be the most
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robust predictor of BMD at all sites of mineral measurement. This
hypothesis was partly based on the findings of HaVe, Smidt,
O'Dwyer, and Lin (1990), and Snow-Harter et al. (in press), and also
the heavy involvement of the back extensor muscles in all the lifts
which supply the best loads to the musculoskeletal system (squats,
deadlifts, presses, etc.) (O'Shea, 1985).

In some cases the results of this study support the prediction.
Back strength was the most robust predictor of lumbar BMD, and
combined with lean mass best predicted whole body BMD. It seems
logical that the powerful back extensor muscles would have a
dominant effect on the lumbar bone at the attachments. This
relationship of back strength and spine density is supported by
Bevier et al. (1989), Halle et al. (1990), Sinaki, McPhee, Hodgson,
Merritt, and Offord (1986), and Snow-Harter et al. (in press). In

contrast, Pocock et al. (1989) and Snow-Harter et al. (1990) found
biceps and grip strength to be the best predictors of lumbar BMD in
pre- and postmenopausa{ women. In subjects in the present study,
the necessary and powerful involvement of the back musculature in
lifting and recreational exercise activities appears to be the
dominant factor in controlling lumbar BMD. Among the recreational
and competitive weightlifters, biceps exercises are often performed
on a "preacher curl bench, which eliminates low back movement.
Two of the competitive weightlifters had lumbar BMD values of 1.60
grams per centimeter squared or greater. According to Dr.
Snow-Harter of the Oregon State University Bone Laboratory, these
values were higher than she had observed before. One of these



subjects also had the highest back strength score measured in this
study.

Quadriceps strength was the best overall predictor of regional

BMD, independently predicting density of the femoral neck and total
hip. Further, when age was removed from the regression, quadriceps

strength best predicted trochanter and Ward's BMD. A literature

review revealed no studies prior to this study which demonstrated a

strong relationship between quadriceps strength and total and
regional hip BMD. Pocock et al. (1989) did find that among

premenopausal women, quadriceps strength predicted femoral neck

bone mass when biceps strength was removed from the regression.

Due to the high incidence of competitive style weightlifting

(squats, deadlifts, etc.) and leg strength oriented sports (rugby,
basketball, racquetball, biking, etc.) in the present study's subjects,
it is not surprising that quadriceps strength would impact many

parameters of hip density, accounting for 32%, and 30% of the

variance in femoral neck and total hip BMD, respectively. This may

help explain why the smaller muscles of the abductors and

adductors, with their more direct attachment to the hip, did not
make as significant of a contribution to regional and total hip BMD.
Further explanation may possibly be found in the testing procedures.

Abductor and adductor strength testing involves an unfamiliar

movement for most people, possibly limiting maximal strength
performance. Quadriceps strength testing, on the other hand,

utilizes a familiar leg extension device on which most subjects in
this study had previously trained, possibly resulting in a more
representative maximal strength score. Interestingly, the highest



femoral neck BMD belonged to a national level powerlifter who

parallel squats four times bodyweight, but did not perform leg
extensions in training. His quadriceps strength score was only 1 .5
kilograms off the best in the study. The highest quadriceps

strength score belonged to a competitive bodybuilder who utilizes

extremely heavy leg extensions as a secondary exercise.

Age best predicted BMD of the trochanter and Ward's regions,

followed closely by quadriceps strength. Block et al. (1989) found a
slightly significant association between age and BMD in young men,

but believed that the greater exercise level in the younger subjects

accounted for this, rather than an age effect. The results of the
present study suggest that in the subjects, age 35 to 63 years old,

mechanical loading by muscular exercise could not totally

counteract the age-related bone loss of the trochanteric and Ward's
regions. However, muscular exercise appears to have slowed the

aging process at all sites of BMD measurement.

Lean mass and back strength combined to predict whole body BMD.

Fat mass was not related; while bodyweight was significantly
related, it failed to predict whole body BMD. It appears that whole
body density is affected more by mechanical loading of muscular

contractions from lean mass, rather than simply bodyweight alone.

Further, movements which optimally develop back strength involve

total body loading, suggesting increased total body BMD. It is

important to note the significantly greater lean mass (p=.0153) in

the competitive weightlifting group, compared to the recreational
plus non-weightlifting group. It would appear that competitive



style weightlifting promotes lean mass development more than does
recreational lifting and active weight-bearing exercise.
Sum mary

Competitive weighttifters in this study demonstrated
significantly greater muscle strength, power, flexibility, and bone
mineral density at all sites, than recreational or non-weightlifters.
Since this was a cross-sectional study, causation cannot be
determined. This study suggests however, that the results may be
due to the emphasis competitive weightlifters place on full range,
multi-joint movements, such as squats, deadlifts, and presses.
These lifts are far superior at loading the musculoskeletal system,
compared to less stressful, isolation exercises such as leg
extensions and bicep curls (Adams et at., 1992; Cappozzo et al.,
1985; O'Shea, 1985; Stone et al., 1982), which are aimed at specific
development of a single muscle or muscle group.

Looking closer at leg extensions versus squats, one can see that
there is no comparison in functional loading. During leg extensions
the lifter is seated with loading or stress on only the knee joints
and the quadriceps; total body loading is not involved, and
synergistic and stabilizer muscles are not required to perform the
lift. Squats, on the other hand, focus on quadriceps, gluteal, and
hamstring development, while greatly stressing the musculature of
the back, abdominal, and hip structures. Further, due to the
placement of the load on the upper back and shoulders, compressive
forces act on the vertebral and hip bones (Chandler & Stone, 1991;
Cappozzo et al., 1985). It is not uncommon for competitive
weightlifters to squat with loads of two to three times bodyweight
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for five to ten repetitions during training. Additional stress on the
musculoskeletal system occurs due to the coordination and balance
involved in completing the full squat movement. No isolation
movement or machine exercise can duplicate this total body stress.
The squat maximizes the force muscle can generate around joints
and is the extreme of "weight-bearing" exercise. This makes the
squat ideal for stimulating positive musculoskeletal adaptations.

Bone responds to the mechanical demands placed on it, and this
study suggests that, to achieve optimal BMD response, a program
should be implemented which utilizes a scientifically based,
competitive style, weightlifting protocol. To date, no intervention
study has introduced a scientifically based weightlifting program
centered around the free weight, multi-joint exercises which are
the basis of competitive style weightlifting. This type of training
has been ignored in favor of easier, less stressful, recreational
training. Studies mainly have utilized low intensity (60-70% of
1 RM), machine-based training, with limited exercise selection and
volume (Gleeson, Protas, LeBlanc, Schneider, & Evans, 1990; Moroz et
al., 1990; Notelovitz et al., 1991; Pruitt et al., 1992; Rockwell et aL,
1990).

The results of this study show a strong relationship between
specific muscle strength and whole body and regional BMD, with
quadriceps and back strength being the dominant factors. Squats and
deadlifts are the cornerstones of any quality training program
focused on maximizing back and quadriceps strength (O'Shea, 1985;
O'Shea & Wegner, 1981; Stone & O'Bryant, 1987). In this study,
quadriceps and back force were significantly greater, (p=.001 and
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p=.0052, respectively) in squatters over non-squatters. Back

strength and quadriceps force in deadlifters was also significantly
greater (p=.0023 and p=.0358, respectively) than in non-deadlifters.
These multi-joint, full range lifts provide skeletal mechanical
'oading during performance (Cappozzo et al., 1985; Granhed et al.,

1987) and also maximize strength gains in those muscles which have

the greatest impact on the bones of the hips and back (Adams et al.,

1992; O'Shea, 1981; O'Shea & Wegner, 1981).

The magnitude and response to strength training depends to a

great extent on both the type and intensity of training. Exercise

selection and intensity of training utilized by recreational
weightlifters probably does not supply sufficient stress to optimize
gains. Again, competitive weightlifting protocols based on multi-
joint, full range, free weight movements, are ignored in favor of
easier, less stressful, machine based training, which focuses on low
intensity, muscle isolation and does not offer significant overload
for maximum response in strength and power.

A review of published literature related to strength training of
older subjects revealed only two case studies which utilized a

competitive style weightlifting protocol (O'Shea, 1981; O'Shea &
Adams, 1990). In other studies, the training mode utilized was

limited for two primary reasons. First, isolated machine exercises,
not multi-joint, full range movements were used, and secondly, the

training intensity and volume were too low to optimize results.
These studies (Fiatarone et al., 1990; Frontera et al., 1988; Larsson,

1982; Moritani & deVries, 1980), however, did result in impressive

strength gains, possibly due to the untrained state of their subjects.
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One should not suggest that these were poor studies. Rather, they
may simply reflect the limited use of competitive style
weightlifting protocols in older subjects. Such free weight lifts as
squats and deadlifts are crucial for people of any age interested in

optimizing strength and power gains of the hips and thighs.
Finally, this study suggests that low back flexibility may be

enhanced by full range of motion, competitive style weightlifting.
This is important, because low back flexibility is a major concern in
many with back problems and is an added benefit in a training style
which appears to simultaneously benefit BMD and muscle strength
and power.

Conclusions
Future intervention studies aimed at investigating bone mineral

density should be implemented based on competitive weightlifting
protocols. This will help determine the effects of competitive style
weightlifting on bone mineral density and may control for such
confounding variables as diet and genetics. Only then will we be
better able to determine the optimal exercise prescription for
developing and maintaining bone mineral density. This
comprehensive, high intensity style of training may optimize
musculoskeletal stress. By maximizing skeletal loading and muscle
strength, positive adaptations in bone mineral density may take
place.

Training programs aimed at improving muscle strength, power,
and flexibility, should be based on competitive weightlifting
protocols. This study suggests that competitive style weightlifting,
centered on multi-joint, full range, free weight movements such as



squats and deadlifts results in greater levels of muscle strength,
power, and flexibilty than recreational weightlifting or active
weight-bearing exercise.

Competitive style training has been ignored for too long in favor
of easier, less stressful, recreational training. The basic concepts
of competitive weightlifting are crucial for a properly designed
weight training program for an adult of any age interested in
optimizing gains. You do not have to be a competitor to benefit from
competitive style weightlifting. By manipulating the intensity,
volume, and frequency of competitive style weightlifting, it is

possible to incorporate the basic format and structure of
competitive training to meet the general fitness needs of the
individual. This new approach to life-long strength and conditioning
has the potential to improve functional and independent living well
into old age.

By improving neuromuscular function and bone mineral density

together, it may be possible to curb problems associated with low
bone mass and low strength levels such as falls, hip fractures, and
immobility. Institutionalization and the need for home care may be
reduced. This may save lives as well as money for the individual and
society. More importantly, by improving their independence, older

individuals may feel better about themselves, and their happiness
and quality of life may be enhanced.

Recommendations
To further investigate the trends identified in the present study,

it is recommended that future research be conducted as follows:
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1. Conduct an intervention study on bone mineral density
utilizing a competitive style weightlifting protocol.

2. Conduct an intervention study on muscle strength, power, and
flexibility in people age 35 and over, utilizing a competitive style
weightlifting protocol.

3. Conduct an intervention study comparing recreational
weightlifting to competitive weightlifting for improving muscle
strength, power, flexibility, and bone mineral density in people age
35 and over.

4. Conduct an intervention study comparing machine weight
training to free weight training for the improvement of bone mineral
density.

5. Conduct a cross-sectional study comparing elite powerlifters
and elite bodybuilders on bone mineral density.

6. Repeat this study utilizing women.
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APPENDIX A

REVIEW OF LITERATURE

A review of literature was conducted on documented information
concerning the effects of the aging process and weightlifting on
bone density, muscle strength, muscle power, and flexibility in the
adult.

Bone Density
Aging and Bone Mass Loss

Among other changes in physiological systems occurring with
age, there is a loss of bone mass (Mazess, 1982). The skeleton is
constructed of about 80% cortical and 20% trabecular bone (Meier et
al., 1984). Trabecular bone predominates in the axial skeleton, and
in the ends of the long bones; cortical bone comprises the majority
of the peripheral skeleton (Snow-Harter & Marcus, 1991; Riggs &
Melton, 1986). Cortical bone is lost at a slower rate than trabecular
bone (Riggs & Melton, 1986). With its higher surface-to-volume
ratio, trabecular bone has a higher turnover than cortical bone,
resulting in early and preferential bone mass change (Meier et al.,
1984). The vertebrae, hip, and radius are areas with high proportions
of trabecular bone, explaining their predominance as fracture sites
(Meier et al., 1984).

Research data on bone loss with age in males vary somewhat.

Utilizing subjects from young adulthood to extreme old age, Riggs et
al. (1981) found a cumulative bone loss in the trabecular vertebrae
of 14%, or about 2.5% per decade. In similar subjects, Meier et al.
(1984) found a 12% per decade loss of vertebral trabecular bone and



a 2 to 3.4% per decade loss of cortical bone. Meunier, Aaron,

Edouard, & Vignon (1971), in analysis of trabecular iliac-crest

biopsy samples, found a cumulative mass loss of 27%, or about 4 to
5% per decade. Riggs et al. (1982) found an approximate 38%, 36%,

and 11% cumulative decrease in trabecular bone mineral density of

the femoral neck, intertrochanteric femur, and lumbar spine

respectively. According to Mazess (1982), cortical bone starts
diminishing by 3 to 5% per decade at age 40-45 years, while

trabecular bone density declines 6 to 8% per decade starting at age
30-35 years. This is in partial agreement with Riggs and Melton

(1986), who report cortical bone loss at a rate of 3 to 5% per decade

after age 40, and about a 12% per decade loss in trabecular bone

mass after age 30. Studies suggest that the rate of bone loss with
aging is independent of the initial amount of bone, therefore peak
bone mass achieved in youth is critical. The higher the original bone

mass, the less susceptible one will be to fractures in old age (Block
et al., 1986; Riggs & Melton, 1986).

The disparities noted above may be due to several factors. The

cross-sectional nature of the studies resulted in confounding
variables such as diet and exercise not being considered

(Snow-Harter & Marcus, 1991). Different techniques of
measurement such as dual photon absorptiometry (DPA) and

quantitative computed tomography (QCT) may have been utilized
DPA is used to measure integral (cortical plus trabecular) bone

mineral content, while OCT measures only the trabecular content of
the vertebrae. Vertebral calcification deposits, which are common
to the elderly influence DPA, hindering comparisons of results
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(Snow-Harter & Marcus, 1991). Mazess (1982) suggested that larger
sample sizes are needed to assess changes in bone density across
the lifespan.

Bone Remodeling
The skeleton provides a calcium bank as well as a framework for

support and protection of the body (Carter, 1987). Adaptations, both
positive and negative, result from the environmental stresses the
skeleton encounters (Carter, 1987). The skeleton undergoes
application of forces, either from external loading or muscles
creating torques on bones. These forces are interpreted by bone
tissue as strains (Rubin, McLeod, & Bain, 1990). Strain is defined as
the change in dimension that occurs within a structure as a result of
an externally applied load (Nordin & Frankel, 1989). Strain can be
broken down into two types: (a) linear strain, which is the amount of
linear deformation (lengthening or shortening) of the sample divided
by the sample's original length, and (b) shear strain, which is
measured as the amount of angular change in a right angle lying in a
plane of interest in the sample (Nordin & Frankel, 1989). Bone
reacts to these strains mechanically like other deformable objects
(Cornwall, 1984). Strains cause remodeling, a process of atrophy,
hypertrophy, or change in normal bone turnover that results in a
significant alteration of bone shape, size or microstructure (Carter,
1984). It is hypothesized that bone remodels to achieve and
maintain certain strain levels at specific sites within the bone
(Biewener, Swartz, & Bertram, 1986).

During remodeling, osteocytes (maintenance), osteoblasts
(deposition), and osteoclasts (resorption) work in harmony to
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balance bone mass with the imposed strains (Rubin et aL, 1990).
This cellular network provides a structural basis for controlling the
positive and negative aspects of remodeling in relation to the
prevailing strain situation (Biewener et al., 1986). Strains can
occur by deformation of the osteocyte, charged fluids creating an
electrical potential, or distortion of the extracellular matrix of the
bone (Rubin et al., 1990). Lanyon (1987) stated that strains
occurring within the bone matrix due to loading cause functional
adaptations which ensure the structural integrity of the skeleton. In

vitro static compression tests have shown a close positive
correlation (r=.86) between the amount of bone mineral and the
ability of the human lumbar vertebrae to resist axial loads (Hansson,
Roos, & Nachemson, 1980). Absence of functional strains causes
hormonally mediated bone resorption, resulting in bone loss (Lanyon,
1987).

Rubin and Lanyon (1985) suggested that bone tissue strives for an

arrangement to accommodate distribution and magnitude of
functional loads. Thus, an one's bone mass and architecture at any
given time will reflect the diversity of one's activities (Carter,
1987; Martin & McCulloch, 1987; Rubin & Lanyon, 1985). Rubin
(1984) suggested that the purpose of bone remodeling is to preserve
a safety margin to failure. When bones are subjected to diverse
loading they become more massive to accommodate the diversity in
strains. During more repetitive loading, the bone acts in the most
economical fashion in relation to mass in order to fine tune itself to
the specific stress (Rubin, 1984). Out of necessity, properly
designed weight training programs are based on diversity of imposed
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loads (Bompa, 1983; O'Shea, 1991; Yessis, 1982), caused by variation
in exercise choice, intensity, frequency, and volume, suggesting an

enhanced bone mass response (Rubin, 1984).

Utilizing dog forelimbs, Burr, Martin, Schaffler, and Fladin (1985)
demonstrated a direct cause-and-effect relationship between
microdamage and bone remodeling. Daily athletic activity can supply
sufficient loads and duration to reach the physiological threshold of
significant microdamage to initiate remodeling (Burr et al., 1985).
Martin, Albright, Clarke, & Niffenger (1981) showed that an added
load stimulated increased bone mineral content above normal in the
tibia of beagles wearing weighted jackets. A prior study in
exercising dogs without added weight showed no abnormal increases
in bone mineral content (Martin et al., 1981). Burr, Martin, and
Martin (1983) demonstrated bone formation in the vertebral column
of rabbits by repetitively loading the rabbits up to 1 .5 times
bodyweIght, 20 minutes per day for three weeks.

Experiments conducted by Rubin and Lanyon (1984) showed that
structural competence of bone can be increased and maintained by
relatively few loading events. Loads were applied in vivo to an
isolated avian bone preparation. While 36 applications of the load
per day for 6 weeks caused bone mineral content to increase by 33
to 43%, removal of load-bearing caused bone mass to decline.
Increasing the number of load applications (repetitions) per day
caused no further increase in bone mineral content. This suggests
that a short exposure to a stimulus can cause maximum adaptation
in the cellular processes responsible for tissue remodeling and
relates well to the promotion of competitive style weightlifting



over other, more repetitive forms of exercise, to improve bone mass
(Rubin & Lanyon, 1985; Rubin et al., 1990). Competitive
weightlifting for increased muscular size, strength, and power is
based on training with heavy loads for a low number of repetitions
(O'Shea, 1976).

Rubin and Lanyon (1985) demonstrated a dose-response curve for
an adaptive stimulus, achieving a progressively stronger osteogenic
response with increased, higher intensity loading. Lanyon and Rubin
(1984) suggested that loads must be dynamic in nature, since static
loads appear to be ignored. Lanyon et al. (1986) showed that there
was no difference in the positive osteogenic response in bone from a
single period of loading applied 100 seconds per day or 25 minutes
per day.

The studies of Rubin (1984) and Rubin and Lanyon (1984, 1985)

demonstrated that bones respond positively to dynamic high loads
applied for a few repetitions. This suggests that short periods of
high intensity activities such as competitive weightlifting may be
more beneficial than more repetitive, low intensity activities such
as recreational weightlifting, jogging, or walking (Rubin & Lanyon,
1987; Whalen et al. 1988). This concept is supported by Whalen et al.
(1988) who further developed a mathematical model of bone
remodeling originated by Carter et al. (1987). The model implies
that bone density is more strongly influenced by increasing the joint
reaction forces (loads) rather than the number of loading cycles
(repetitions) (Whalen et al., 1988).



Muscle Strength, Muscle Mass, and Bone Density
The relationship of muscle strength to bone mineral density has

logical validity. The stronger the muscles, the greater the forces
they generate on the bone (Snow-Harter & Marcus, 1991). Pertinent
to this relationship is the site-specific theory, which assumes that
a specific muscle will most affect the density of the bone it
attaches to (Snow-Harter & Marcus, 1991).

A relationship also appears to exist between muscle mass and
bone density. Utilizing cadavers, Doyle et al. (1970) found the
weight of the left psoas muscle to be significantly correlated with
the ash weight of the third lumbar vertebrae. Multiple regression
analysis revealed psoas weight as the most robust predictor of
vertebral ash weight. Paraspinous muscle cross-sectional area was
the best predictor of bone density at the spine and hip in a study
conducted by Block et al. (1989). Reduction in type II muscle fiber
area correlated with incidence of hip fractures in a study by
Aniansson, Zetterberg, Hedberg, & Henriksson (1984). Doyle et al.
(1970) theorized that increased muscle size results in greater
loading on bone, leading to increased bone mass. Interestingly, this
suggests that bodybuilders, with their optimization of muscle size,
would have the highest bone density. This is supported by Heinrich
et al. (1990), who found female bodybuilders to have the highest fat-
free body mass and bone mineral content when compared to runners
and swimmers. An experimental design to investigate this issue
could be by comparing bodybuilders and powerlifters, since
bodybuilders train for maximum muscle size, while powerlifters
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train with heavier loads and generate higher forces in an attempt to
maximize strength per pound of muscle.

Pocock, Eisman, Yeates, Sambrook, & Eberg (1986) suggested that
muscular activity involving loading of the lower limbs may increase
bone mass of the low back and femur, after finding that predicted
maximal oxygen was a significant predictor of femoral neck and
lumbar bone density. Snow-Harter and Marcus (1991) pointed out
that Pocock et al. (1986) actually measured lean body mass, rather
than oxygen consumption, since they reported oxygen consumption in
liters per minute instead of liters per kilogram per minute
(I/kg/mm). Maximum oxygen consumption (I/kg/mm) and calcium
bone index, an indice of bone mineral content, were found to be
positively correlated by Chow, Harrison, Brown, Hajek (1986). The
group with the highest calcium index also had the highest bench
press and leg press values. InterestingIy, 50% of the study group
regularly aerobically trained, while none strength trained (Chow et
al., 1986).

Results on the site-specific influence of muscles on bones to
which they attach are disparent. Nilsson and Westlin (1971) found
quadriceps strength and femur bone density correlated in male
weightlifters and throwers, but not in athletes such as swimmers
and soccer players. A photon absorption method was used to

measure bone density of the femur, while quadriceps strength was
measured at 45 degrees of flexion utilizing an isometric spring
balance. Conroy et al. (1990) demonstrated a significant
relationship between bone mineral density at the spine, femur,
trochanter, and Ward's triangle, and maximum lifting ability in the
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snatch, clean and jerk, and total (snatch plus clean and jerk) in men.
Bevier et al. (1989) found that muscle strength of the back
correlated with bone mineral density of the lumbar spine in elderly
men, while grip strength was significantly correlated with forearm
density in both men and women. A significant positive relationship
between back strength and lumbar density was demonstrated in
postmenopausal women (Sinaki & Offord, 1988). Sinaki et al. (1986)
also found a significant correlation between bone mineral density of
the low back and strength of the back extensors. Halle et al. (1990)
found a positive correlation between trunk extension and flexion
strength, and bone mineral density of the lower vertebrae and the
proximal femur. These studies suggest that muscles have a
dominant, site specific effect on the bones to which they are
attached.

Pocock et al. (1989) investigated adult women age 20 to 75 years
old. In the premenopausal subjects, biceps strength was the most
robust predictor of lumbar spine and proximal femur bone density.
Quadriceps strength was the second best predictor of bone density
at all sites of the proximal femur. Other muscle groups which
attach to the hip were not measured. In the postmenopausal
subjects, biceps strength failed to predict lumbar spine and
trochanteric density, but did independently predict the bone density
of the femoral neck and Ward's triangle. Age was a significant
predictor of femoral neck and Ward's triangle bone mass in the
premenopausal subjects, and of the trochanteric region in the
postmenopausal subjects. Block et al. (1989) found no statistical
contribution of back strength to bone density of the spine or hip in
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18 to 30 year old men, but did find that paraspinous cross-sectional
area best predicted bone density of the spine and hip. The authors
stated that the back strength measurement device was not sensitive
enough to detect a significant relationship.

Utilizing men age 28 to 51 years old, Snow-Harter et al. (in
press) measured bone mineral density of the proximal femur, lumbar
spine, whole body, and tibia, and muscle strength in the quadriceps,
biceps, low back, and hip. The most robust predictor of bone mineral
density at all sites was back extensor strength, while biceps
strength was an independent predictor of bone mass at the
trochanter. In a similar study utilizing women, Snow-Harter et at.
(1990) found biceps strength to be the most robust predictor of hip
density, with grip strength independently predicting spine density.
That study supports results of Pocock et at. (1989), who found
biceps strength, not quadriceps strength, to best predict bone
mineral density at the spine and sites on the proximal femur. Snow-
Harter and Marcus (1991) suggested that the site-specific theory
does not accommodate these data and that a more complex
relationship may exist.

A possible explanation for the influence of distant muscle groups
on the spine has been presented by Snow-Hailer and Marcus (1991).
They described how arm activity results in forces acting on the
spine and hip through the contraction of trunk stabilization muscles.
Also, due to lever arm length, if lifting the same weight, a bicep
curl generates greater forces on the low back than a lift utilizing
the back extensors. Although accurate in the situation described, a
key problem with this comparison is that back extension movement
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can involve such lifts as deadlifts and squats. When performing such
lifts it is common to handle loads as much as 10 times greater than
when performing biceps curls; resulting in great forces on the low
back, its corresponding muscles, and the trunk stabilization muscles
(Granhed et a. 1987; O'Shea, 1985). This suggests that among
weightlifters, low back muscle strength may be the most important
predictor of bone density of the spine.

Cross-Sectional Studies of Loading and Bone Density
Several cross-sectional studies suggested load application

increases bone density (Block et aL, 1986; Coletti, Edwards, Gordon,
Shary, & Bell, 1989; Granhed et al., 1987). The effects of the
asymmetric loading of tennis were investigated by Pirnay, Bodeux, &

Franchimont (1987). They found a 34% and 15% increase in bone
mineral content in dominant and nondominant forearms,
respectively, when comparing professional tennis players to
college-age controls. This supports Jones, Priest, Hayes, Tichenor,
& Nagel (1977), who utilized roentgenograms of professional tennis
players to demonstrate dramatic hypertrophy of the dominant arm.
Huddleston, Rockwell, Kulund, & Harrison (1980) studied forearm
bone mineral content of lifetime tennis players 70 years of age and
older. The tennis players demonstrated a higher bone mineral
content in the dominant arm than age-matched controls. A
significant finding of all three studies was that the dominant arm of
the tennis players demonstrated a higher bone mineral content than
the nondominant arm in the same individuals. This strongly suggests
a training effect, and that increased loading of a bone has dramatic
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effects on its mineral content (Huddleston et al., 1980; Jones et al.,
1977; Pirnay et al., 1987).

Cross-Sectional Studies of Weightlifting and Bone Density
The effects of weightlifting on bone density were investigated by

Nilsson and Westlin (1971), who measured bone mineral density of
the femur in top-rank athletes of different sports. Weightlifters and
throwers had the highest bone densities, and swimmers the lowest,
suggesting that increased loading of the lower limbs results in
increased density of the femur. Also, non-athlete controls who
exercised were found to have a significant increase in bone mineral
density over non-exercising controls. Coletti et al. (1989) studied
12 men, age 19 to 40, who exercised with free weights and/or
machines for an average of 6.1, years at a frequency averaging 3.6
times per week. When compared to non-exercising controls,
weightlifters demonstrated increased bone mineral density in the
lumbar spine, trochanter, and femoral neck, but not the midradius.
These results suggest that weightlifting stimulates bone formation
at weight-bearing sites (Coletti et al., 1989). Snow-Harter et al. (in
press) suggested that strength training may reduce the age-related
decline in strength and bone mass.

In a study of females age 17 to 38 years old, bodybuilders
training with moderate to high intensity loads demonstrated
significantly higher bone mineral content than swimmers, runners,
or inactive controls (Heinrich et al., 1990). There was no significant
difference found between inactive and the endurance trained females
(Heinrich et al., 1990). Block et al. (1986) measured spinal bone
mineral density in 46 young men who were classified into four
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groups: sedentary, aerobically trained, weight trained, and combined
aerobic plus weight trained. All exercise groups combined showed a
14% higher vertebral trabecular bone density, compared to the
sedentary controls. Further analysis revealed a graded bone density
response based on exercise type. Weight lifting plus aerobics proved
to be the most beneficial for bone mineral density, followed by the
weightlifting and aerobics, respectively. Unfortunately, the
intensities of the weight training regimens were not reported,
which makes it difficult to judge the significance of the reported
difference between the weightlifting and the aerobics plus
weightlifting groups. In a study of elite water polo players,
weightlifters, and non-exercisers, Block et al. (1989) found no
significant difference between the polo players and the
weightlifters in spine or hip bone density. However, a significant
18% and 9% greater difference in athletic subjects, spine and hip
density respectively, was found when the athletic groups were
combined and compared to the non-exercisers.

World-class powerlifters were studied by Granhed et al. (1987).
During competitive deadlifts, observed loads on the third lumbar
vertebrae ranged between 18.8 and 36.4 kN. Bone mineral content
values of L3 were extremely high, comapared to those of
age-matched controls. Interestingly, trai fling intensity, stated as
annual weight lifted, directly reflected bone mineral content in the
lumbar spine. This annual training load had to exceed 1,000 tons
annually before a distinct increase in bone mineral content occurred.
Conroy et al. (1990) observed significantly greater bone mineral
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density of the spine and proximal femur in elite weightlifters than
was reported for comparable referents 20 to 39 years old.

Intervention Studies on Weightlifting and Bone Density
Intervention research concerning weightlifting and bone density

is limited and contrasting. Leichter et al. (1989) studied young men

in a military boot camp. Subjects performed gymnastics, walked and

jogged with weight 8 hours per day for 14 weeks. Tibia bone density
was found to have increased 7.5% after this concentrated regimen.

In a study by Ayalon et al. (1987) postmenopausat women performed

low intensity forearm loading exercises for 15 minutes per day, 3
days a week for 5 months. Loads were applied by muscle activity
and bodyweight to cause compression, torsion, tension, and bending
in the forearm. The results demonstrated significant increases in
bone mineral density of the forearm, compared to sedentary
controls. A modest increase in lumbar BMD in women who weight

trained or jogged for 8 months was demonstrated by Snow-Harter,

Bouxsein, Lewis, Carter, & Marcus (1992). The authors divided 52
women, mean age 19.9 years, into three groups: weight trainers,
runners, and controls. The runners performed an endurance based
running program with weekly mileage increasing over the 8 month
period. The weight trainers circuit trained for 3 days per week on
Universal and Nautilus machines. Volume was set at three sets of 8
to 12 repetitions. Intensity progressed from 65 to 75 % in the first
6 months and was set at 85% for the last 2 months. Exercises

covering the whole body were performed. No free weights were
utilized. Due to availability of equipment, back extension training

was performed to exhaustion, using low weights. Significant
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increases of 1.2 and 1.3% in spine BMD were observed in the runners

and weight trainers, respectively. The control group showed no
change. No proximal femur BMD measure changed significantly.

Pruitt et al. (1992), after strength training 27 women for 9
months, determined that spinal bone mineral content may be
positively influenced by weight training. The women trained 3 days
per week for about 40 minutes per session. Intensity was held
between 10 to 15 repetitions maximum. Training utilized a
Universal gym and free weights. No full range, multi-joint, free
weight movements, such as squats, deadlifts, or overhead presses,
were employed. No significant increases in lumbar, femoral neck, or

distal wrist bone density occurred, but the weightlifters did show
significant improvement in lumbar density compared to controls.
The training protocol may not have induced sufficiently intense and

specific mechanical stress to elicit a significant response. In a
similar study, Moroz et at. (1990) trained postmenopausal women 3
days per week for 47 weeks with weighted arm curls and shoulder
presses, plus high intensity biking. A significant increase in bone
mineral content of the lumbar spine was found. Interestingly, no
change in bone mineral content of the radius or femur was found in
either study (Moroz et at., 1990; Pruitt et at., 1992). This is most
interesting in Moroz et al. (1990), since strength and cross-sectional
area of the bicep increased 66% and 20% respectively.

In a 1-year study Gleeson et al. (1990) weight trained 72 women

on Nautilus equipment. Training took place 3 days per week for 30
minutes a day. Intensity was set at 60% of one repetition maximum
for two sets of 20 repetitons per exercise. Four upper and four
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lower body exercises were performed. No significant increase in
lumbar or os calcis bone density was observed. However, a

significant difference was found between controls and weightlifters
in percent change of lumbar bone density. It was notable that this
ow intensity, low volume, machine based, muscle endurance

training protocol was sufficient to maintain lumbar bone density,
when it is questionable that it would be sufficient to significantly
increase muscle strength. Notelovitz et al. (1991) conducted a
one-year comparison of women with estrogen replacement alone and

women with estrogen replacement therapy plus Nautilus circuit
training. Training was conducted 3 days per week for 15 to 20
minutes per session. Intensity was set at eight repetitions
maximum for one set to failure. A new eight-repetition maximum
was set monthly. Each repetition was conducted using the

10-second concentric and 4-second eccentric approach. No rest was
allowed between stations. Core exercises included low back

extension, leg extension, pullovers, and calf raises. The estrogen

replacement plus circuit training group demonstrated significant
increases in total, spine, and radius bone density, while the estrogen

alone group only maintained bone density. Again, results were
significant even though the training protocol was of extremely low
intensity, emphasizing muscle endurance, with limited mechanical
loading. The authors stated that Nautilus equipment was used

because the technique allows the ideal of site-specific short-term
stress with relatively few reps. One must question the validity of
this statement in view of Nautilus mechanical loading versus free
weight squats or deadlifts. The Nautilus approach of one set to
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failure, with 10 seconds up and 4 seconds down, does not supply

sufficient stress on the musculoskeletal system to optimize gains.
Not all studies reported positive benefits of weight training.

Rockwell et al. (1990) suggested that weight training may be
detrimental to the skeleton. Their study demonstrated a decrease in

lumbar bone density of 3.96%, despite a 57% increase in overall
muscle strength. The control group experienced no change in lumbar
bone density. Subjects circuit trained on machines, 2 times per

week for 9 months. Intensity was mild, with loads set at 70% of
1RM for 2 sets of 12 repetitions per exercise. Rockwell et al.
(1990) claims that the exercises were chosen to emphasize axial
loading, yet only two of the eight exercises were reported by the
authors to do so (horizontal leg press and overhead press). It is
highly questionable whether horizontal leg presses supply a
significant axial load, since the lifter is seated in a chair and
pushes the (ever forward, with no involvement of back musculature

or vertical loading as in a free weight squat movement (O'Shea,
1985). Further, the overhead press of a machine has been designed

to minimize stress on the low back, to protect inexperienced lifters
from injury (Hatfield, 1989). No form of periodization was utilized
over the 9-month period, making staleness highly probable (Bompa,
1983). The results of Rockwell et al. (1990) are in apparent

contrast to results of cross-sectional studies which show a positive
relationship between strength and bone mineral density (Snow-

Harter et al., 1990; HaIle et al., 1990). However, Rockwell et al.
(1990) did not break strength and bone density data down into

specific sites, making it difficult to make comparisons with other



studies. Rockwell et al(1990) study's results suggests that loads
capable of slightlty increasing muscle strength are not of sufficient
intensity to enhance bone mass. The strength gains might have been

the result of motor learning, occurring early in the training program,

and not the results of any physiological change in muscle tissue
(Komi, 1986; Sale, 1991). A possible plateau in strength gains is not
identifiable in this study due to the lack of strength testing during
the training period. It is interesting to note that Gleeson et at.
(1990), Notelovitz et at. (1991), Pruitt et al. (1992), and Snow-
Harter et al. (1992) demonstrated favorable lumbar density results

utilizing protocols which were markedly similar to those used by
Rockwell et al. (1990). All of the studies utilized low intensity,
machine training; but Rockwell et al. (1990) trained only 2 days per
week, while the others trained 3 days per week. This suggests that
when utilizing short-term (15-30 minute) training sessions,
frequency of training may be a factor in bone response. The evidence

suggests that Rockwell et at. (1990) study's results may have been
due to a factor other than weightlifting.

Peterson et al. (1991) observed no significant differences in bone

mineral density in women age 36 to 67 years old who completed a
dance plus weights, dance alone, or sedentary training program.
Pre- and postmenopausal women were combined, which makes it
difficult, if not impossible, to draw any meaningful conclusions

from this research (Snow-Harter & Marcus, 1991). Also, since the
subjects already performed light upper body work in their previous

dance program, the experimental protocol's intensity and volume
might have been too low to cause a training effect. Further, the



selection of exercises were mainly limited to isolated, small
muscle group movements, severely limiting the applied load and

subsequent adaptations of bone. Adherence may have been another

factor. Because the subjects were basically unsupervised,

inexperienced lifters who trained on their own. They may have
became bored and lacked motivation to train hard and increase the
weight lifted while training.
Conclusion

The theory underlying weight training's application to bone

density therapy is that weight training can increase the applied load
on bone in a wide variety of ways, resulting in positive bone mass
adaptations. No intervention study, however, has introduced a

scientifically based weight training program centered around the
free weight, multi-joint exercises, such as squats, deadlifts,
cleans, and presses, which best load and overload the entire

musculoskeletal system. Most researchers appear to ignore these
core exercises in favor of easier, less stressful forms of training.
Most studies used a limited application of machines and did not use
free weights at all. Investigators appeared to ignore the fact that
strength exhibition can be a learned act, and that changes in the

nervous system do not necessarily equate to structural changes in
the muscle. This concept may help to explain reports that strength
increased and yet bone density did not. Also, the training intensity
and volume of the majority of these protocols were too low to
optimize results, and periodization of training was not mentioned.



Muscle Strength
Strength and Aging

Strength is a crucial component of the quality of life. Without
adequate strength levels, even the most basic tasks become difficult
or impossible to perform without assistance (Israel, 1991). As life
expectancy grows, the decline in muscle strength with aging
becomes a matter of increasing importance (Israel, 1991; Viitasalo,
Era, Leskinen, & Heikkenen, 1985). Research suggests that from age
30 to 80 years, back, leg, and arm strength decreases 30 to 40%
(Grimby & Saltin, 1983). Israel (1991) observed an approximate 30%
decline in strength and muscle mass in male subjects between age
30 and 70 years. In another study, muscle mass, expressed as
creatinine excretion per kilogram of bodyweight, decreased by 6%
per decade in male subjects, 22 to 87 years (Fleg & Lakatta, 1988).
According to Borkan, Rults, Gerzof, Robbins, & SUbert (1983),
muscle tissue declines with age, while fat is redistributed. In their
study of men age 41 to 76 years, computed tomography (CT) scans
revealed that fat moves inward with age. There was increased
intra-abdominal and decreased subcutaneous fat in the older male
subjects, and also fat infiltration within and between muscles
(Borkan et al., 1983).

Viitasalo et al. (1985) studied 308 men in three age groups of 31
to35, 51 to 55, and 71 to 75 years old. In the 71 to 75 year old
group, maximum strength declined in the quadriceps (47%), biceps
(35%), hand grip (42%), trunk extension (42%), and trunk flexion
(35%). Interestingly, the 51 to 55 year old group had the greatest
bodyweight and fat weight. Ankle joint movements involved in



walking were studied in men and women age 20 to 100 years by

Vandervoot and McComas (1986). They found that by the age of 60,

strength levels began to significantly decline, were about 80% of
younger adults strength levels by age 70, and further decreased to

only 50% by age 90. Electrical stimulation of the motor nerves

produced no increases in strength in older subjects, indicating that

neuromuscularly, these subjects were capable of complete nervous

facillitation of their muscles. Vandervoot and McComas (1986)

suggested that decrease in excitable muscle mass is responsible for
the lower strength in the elderly. In contrast, Kailman, PIato, and
Tobin (1990) suggested that other factors besides muscle mass

decline influence strength loss with age. In their study involving
subjects 20 to 100 years old, residual analysis showed that muscle
size alone failed to explain the strength of the young subjects, or
the weakness of the old. Klitgaard et al. (1990) also observed an

inability of the elderly to activate all muscle mass present.

Moritani (1991) and Sale (1991) have demonstrated the importance

of the neural aspect of strength performance.

Kailman et al. (1990) found that strength increases into the

fourth decade, then decreases thereafter at an accelerated rate.

Interestingly, 29% of the middle-aged and 15% of older subjects in
their study showed no decline in grip strength. Males 11 to 70 years
old, were studied by Larsson, Grimby, and Karlsson (1979).

Isometric and dynamic strength increased to the third decade,

remained stable to the fifth decade, and thereafter decreased with
age. The strength decrease was not related to visual musc'e

atrophy, which could be a result of the fat infiltration into muscle



masking visual muscle loss (Borkan et al., 1983). Quadriceps muscle
biopsy revealed decreased proportions and selective atrophy of type
II fibers with age. A significant correlation between the strength
decrease and type II fiber area was determined, but multiple
regression failed to support fiber area as a predictor of muscle
strength. A reduction in type I and II muscle fiber area with age was
observed in men and women 20-70 years old, by Essen-Gustavsson
and Borges (1986). This change was most evident after age 60.
Proportionally, type I and II fibers experienced no relative change in

the vastus lateralis with age. This is supported by Aniansson et al.
(1984), who studied biopsies of the vastus lateralis from subjects
with fresh hip fractures who were clinically healthy before the
accident. Results indicated that the proportion of type I to type II
fibers remained the same, but there was an advanced reduction in
muscle fiber size, especially in type II fibers. Aniansson et al.
(1984) observed high muscle quality in these subjects, suggesting
that disuse is a reversible phenomenon responsib'e for the observed
muscle fiber atrophy and strength loss.

Reed, Pearimutter, Yochum, Meredith, & Moorman (1991) observed
loss of strength per unit of muscle with increasing age, and
suggested that to maintain muscle efficiency, people should make a
special effort to strength train as they get older. Patrick, Bassey,
and Fentem (1982) suggested maintenance of physical activity in the
elderly is important, after measuring manual laborers at, and 1 year
after, retirement. A 4% reduction in thigh muscle area and a 5%
reduction in the ratio of muscle to body mass was observed. In order
to maintain fat-free weight with age, strength training appears to



be a critical component of an exercise regimen (Pollock et al., 1987).

The authors found that regardless of age, aerobically trained

masters athletes who strength trained were the only ones to
maintain fat-free weight.

Research by Clarkson and Dedrick (1988) suggested that the old

are capable of participating in a properly designed strength training
program. Active women over 60 were compared to active

college-age women on the parameters of exercise induced muscle

damage and the ability of older muscle to repair and adapt to this
damage. Exercise resulted in similar damage, repair, and

adaptability patterns in young and old. Interestingly, no significant
differences in isometric strength occurred between young and old
subjects, suggesting that physical activity counteracts the age-

related decline in strength. Bortz (1982), after reviewing the

similarities of deterioration caused by aging and lack of physical
activity, concurred, stating that people should live by the philosophy
of "use it or lose it."
Strength Training and Aging

According to Jette and Branch (1981), after age 74, 28% of men
and 66% of women in the Unites States cannot lift objects greater
than 4.5 kilograms. Many people believe strength loss to be an

inevitable fact of aging, but this is not so (Israel, 1991). In a case
study, O'Shea (1981) investigated how much strength developed in a

13-year weight lifting career could be regained 16 years later at the
age of 51. A 1-year periodized powerlifting program was instituted,
with full squats as the cornerstone of training. Squats placed the
training emphasis on the large muscle groups of the hips, thighs, and



low back (Chandler & Stone, 1991), while periodization helped avoid
the pitfalls of a hit and miss training program (O'Shea, 1991).
Dynamic strength increased to levels comparable to lifts performed
during the subject's competitive days, with a full squat, bench
press, and deadlift of 470, 250, and 550, pounds respectively, at a
bodyweight of 188 pounds. No serious discomfort or joint soreness
inhibited training, and the increased strength readily transferred to
other functional tasks (O'Shea, 1981). Interestingly, at the age of 60,
after engaging in no serious powerlifting for 8 years, the subject
again underwent specialized high intensity strength training in the
form of functional isometrics, combined with dynamic free weight
lifting (O'Shea & Adams, 1990). Loads of 100 to 150% of maximum
were handled during 6 weeks of intense training. Again, no
unexpected problems such as strained muscles or joints were
encountered. At a bodyweight of 181 pounds, the subject squatted
473 pounds and just missed with 500 pounds, then deadlifted 521
pounds. O'Shea and Adams (1990) suggested that this type of high
intensity training can result in marked strength gains at any age if
implemented properly. This is supported by observations of my
father (Adams, 1987), who at the age of 48, being previously
untrained, went against doctors orders and initiated a progressive
powerlifting program. Competing in the United States Powerlifting
Federation's Masters Nationals 4 years later at the age of 52 years
and a bodyweight of 181 pounds, he placed fourth in the nation, with
lifts of 501, 303, and 476 pounds in the squat, bench press, and
deadlift, respectively, only a few pounds off the best in the nation.



The importance of strength training being included in an exercise

regimen was demonstrated by Klitgaard et al. (1989) and Klitgaard
et al. (1990). Swimmers, runners, and strength trained athletes, age

69 to 70 years old, who had trained on the average ofl4 years, 3

days per week, were compared to each other, age-matched controls,

and 28 year olds. Maximum isometric torque, and muscle cross-

sectional area as measured by CT scans, were equal in the endurance

trained swimmers, runners, and age-matched controls, while the
strength trained group was identical to the 28 year olds.

Furthermore, the swimmers and runners demonstrated selective
atrophy of type II muscle fibers, while type II fibers were
maintained in the strength trained subjects. The results
demonstrate the specific effect of strength training on muscle force
and mass, suggesting that endurance-based swim and run training

cannot counteract the age-related decrease in muscle force and

mass, whereas short, intense, high load strength training has a

marked positive effect (Klitgaard et al., 1989; Klitgaard et al.,
1990).

Larsson (1982) investigated males age 22 to 65 years involved in

a low intensity, high repetition, 10-station circuit, 2 days per week
for 15 weeks. Before training, the proportion of type I fibers

increased with age, while the area of type I and II fibers decreased,
with type II decreasing most significantly. Also, strength decreased
with age. After training, the type I and II fiber areas increased,

eliminating the age-related decline in muscle area, and strength
increased in all ages. Larsson (1982) suggested that the observed

fiber atrophy was due to disuse and that a higher intensity strength



training program would have resulted in greater muscle mass and
strength. Low intensity strength training also resulted in
significant strength increases in the elderly in studies by Hagberg et
al. (1989) and Kauffman (1985). Other studies suggest low intensity
strength training to be a safe and effective method of improving
strength in cardiac patients (Butler, Beierwaites, & Rogers, 1987;
Haslam, McCartney, McKelvie, & MacDougaU, 1988; Stewart, Mason, &
Keleman, 1988). Barnes and Donovan (1987) observed in hip fracture
patients that decreased strength of the lower body was a significant
factor in not reaching independence at ambulation, suggesting that
specifically designed strength training programs could counteract
this functional loss of strength.

Males age 60 to 72 years were strength trained by Frontera et al.
(1988). Subjects performed quadriceps and hamstring exercises on a
Universal machine for 12 weeks at 80% of 1RM. Training frequency
was 3 days per week, and volume was 3 sets at 8 repetitions.
Muscle biopsies and CT scans of the thighs were performed, along
with dynamic and isokinetic strength tests. Dynamic strength of the
quadriceps and hamstrings increased by 107% and 226%,
respectively. Isokinetic strength gains were significant, but were
10 times less than dynamic strength gains, suggesting a specificity
of training response from the dynamic training to the dynamic
testing (Frontera et al., 1988; Moritani, 1991; Sale, 1991). Total
thigh area increased 4.8%, with total muscle area and quadricep area
increasing 11.4% and 9.3%, respectively. Muscle biopsy revealed a

33.5% increase in type I fiber area and a 27.6% increase in type II
fiber area. The authors suggested that neurological factors



combined with muscle hypertrophy to significantly improve
strength. These results also demonstrate that a significant and

rapid gain in functional strength can be obtained in the elderly with

a properly designed strength training program (Frontera et al. 1988).

Moritani and deVries (1980) evaluated the time course of

strength gains in young and old subjects utilizing similar training
programs. The research was aimed at determining the difference in

contributions of neural and hypertrophic factors to strength in the
young and old. Males age 18 to 26 and 67 to 72 years old were

trained 3 days per week, at 2 sets of 10 repetitions, for 10 weeks,
with progressively heavier bicep curls. The nondominant arm served
as a control. Significant strength increases occurred in both age

groups. Increased muscle activation and cross-sectional area values
in the young demonstrated that in the young population neural

factors account for the initial increase in strength, with
hypertrophy becoming the dominant factor after the first 3 to 5
weeks (Moritani & deVries, 1979; Moritani & deVries, 1980). In the
old subjects however, significant gains in muscle activation level
without any significant changes in cross-sectional area suggest that
neural factors control strength increases in the old (deVries, 1970;

Moritani & deVries, 1980). In interpetation of these results, one

must note that anthropometric data, not muscle biopsies, were

utilized to determine hypertrophy. The untrained, nondominant arm

increased in strength in both age groups, suggesting that the cross-

training effect was a result of neural adaptation (Moritani &

deVries, 1979; Moritani & deVries, 1980; Moritani, 1991). Moritani

(1991) suggested that in the absence of hypertrophy, neural factors



such as greater motor unit discharge frequency and/or motor unit

recruitment may be the mechanism by which aged subjects increase
their strength. Studies by Hakkinen (1989), Moritani (1991), and

Sale (1991), demonstrated that the initial gains in strength from

resistance training are predominantly caused by neural factors, with
hypertrophy becoming the dominant factor as time goes by. This

supports Frontera et al. (1988), Larsson (1982), and Klitgaard et al.

(1989), who found hypertrophic factors influence strength gains in
longer training programs.

The feasibility and physiological consequences of high intensity
strength training in the frail elderly was investigated by Fiatarone
et al. (1990). Institutionalized subjects, age 86 to 96 years old,

performed progressive resistance weight training of the quadriceps
3 days per week for 3 sets of 8 repetitions, at 80% of 1 RM.

Quadricep strength increased by an average of 174%, with a 32%
strength loss occurring after only 4 weeks of detraining. Gait speed
increased by 48%. Two subjects no longer needed canes to walk, and
one could now rise from a chair without assistance. Muscle

hypertrophy occurred in some subjects. The authors stated that the
risks of weight training are far overshadowed by the known hazards
of immobility and falls. Fiatarone et al. (1990) suggested that
despite the evidence of positive outcomes, there has been a

reluctance to apply progressive resistance, high intensity strength
training to older individuals. Conrad (1977) suggested that elderly

and their physicians overrate the benefits of light and sporadic

exercise and underrate their own abilities.



Conclusion
The magnitude of response to strength training depends to a great

extent on both the type and intensity of training. The review of
published literature relating to strength training of older subjects
indicates that most studies utilized training modes which were
extremely limited for two reasons. First, machines and not free
weights were used and, secondly, the training intensity and volume
were too low to optimize results.

It is important to remember that science applies to all ages.

There is no reason to ignore the scientific principles upon which

modern strength training is founded. Granted, an older person cannot

handle the training intensity, frequency, and volume of a young

athlete, but the training concepts of the advanced strength athlete
can be modified to fit a specific individual's needs. Too often the
science of strength training is ignored by investigators because they
feel it does not apply to their specific populations. This would be
like family car manufacturers ignoring the concepts developed for,
and used in, Indy 500 cars. The basic concepts of athletic strength
training are crucial for a properly designed weight training program

for the individual of all ages interested in improving muscle
strength, size, and power. Each specific population must have these
fundamental concepts molded to their specific needs, not discarded
and forgotten.

Flexibility
Flexibility and Aging

Flexibility is defined as the range of motion of a joint (American
College of Sports Medicine (ACSM), 1991). Adequate flexibility
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helps a person meet the functional demands of life, as well as
enhances the person's participation in leisure activities (ACSM,
1991; Beaulieu, 1981; Hutton, 1991). Lack of flexibility may
increase injury rate and may cause functional problems, particularly
in the sedentary, middle-aged, and elderly (Alexander et al., 1991;
Cornelius, 1990; Heyward, 1984).

Flexibility declines with age (Chapman, deVries, & Swezey, 1972;
Starring, Gossman, Nicholson, & Lemons, 1988; Einkauf et al., 1987;
Johns & Wright, 1962; Smith, 1989; Macrae & Wright, 1969). It

appears that the decline in flexibility is 20 to 30% between the age
of 30 and 70 years (Chapman et al., 1972; Smith, 1989). Johns and
Wright (1962) determined that the relative contributions of soft
tissue to total resistance encountered at a joint are as follows;
joint capsules (47%), muscle and its fascia (41%), tendons and
ligaments (10%), and skin (2%). Little evidence suggests that
biological changes such as tendon stiffening, joint capsule changes,
or muscle changes are responsible for the age-related decrease in
flexibility (Adrian, 1981; Heyward, 1984; Anderson et al., 1984).
Goldspink (1991) demonstrated that with age collagen increases in
solubility, becomes more cross-linked, and increases in content in
the muscle, leading to decreases in range of motion, Immobilization
or lack of activity increases collagen turnover and deposition in
ligaments, shortens muscle fibers, and decreases muscle mass,
further reducing flexibility (Goldspink, 1991).

Studies show that as people get older the range of motion of the
lower extremity joints during walking gets progressively smaller
(Nordin & Frankel, 1989). In a study of men age 20 to 87 years old,
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Murray, Kory, and Clarkson (1969) compared the gait patterns of
older and younger men. The older men had shorter strides, a

decreased range of hip flexion and extension, and reduced ankle

flexibility. Interestingly, Johnson and Smidt (1970) determined that
squatting and shoe tying required the greatest range of motion
among common daily activities. Goldspink (1991) suggested that
exercise may reduce this age-related fibrosis and help maintain
flexibility with age. Many researchers agree that the decline in
flexibility with age is due to disuse and is reversible through
activity (Anderson et al., 1984; Adrian, 1981; Chapman et al., 1972;

Rikli & Busch, 1986; Heyward, 1984; Matveyev, 1981).

Flexibility and Weightlifting
Physical exercise which routinely places joints through a full

range of motion will produce an increase in flexibility over time
(Hutton, 1991). Comprehensive conditioning and sports activities
usually result in flexibility improvements throughout the body
(Cornelius, 1990; Heyward, 1984). Disuse due to lack of physical

activity produces contractures and shortening of connective tissue
(Goldspink, 1991; Heyward, 1984), while increased flexibility of the
entire musculotendinous unit results from repetitive, active
contractions which increase circulation to a muscle and gradually
increase the strength of the tendon (Anderson et al., 1984;
Goldspink, 1991). Strength training requires a constant interplay of
mobility and stability and is functionally similar to the natural
pattern of movement (Siff, 1991). This allows for a safe and natural
increase in flexibility over time (Anderson et al., 1984).
Interestingly, besides increasing flexibility, strength training



combats excessive joint laxity by strengthening the muscles
surrounding the joint (Cornelius, 1990; Siff, 1991; Wathen, 1987).

Flexibility scores of physically active women in their sixties
were more similar to young women in their twenties than to
inactive women their own age (Rikli & Busch, 1986). Buccola and

Stone (1975) demonstrated an increase in flexibility of the trunk
and leg in men age 60 to 79 years, with participation in a 14-week
walking and jogging program. Chapman et al. (1972) studied

flexibility in males age 15 to 19 and 63 to 88 years old. Results

demonstrated an age-related loss of flexibility. Progressive

strength training, however, increased flexibility in both age groups,
with the older people being as responsive to training as the young.
Similar results were found by Hartley-O'Brian (1980), who found

that regular mobilization increased flexibility of the hip and
suggested that strength training through the full range of motion
may increase flexibility.

The effect of a progressive weight training program on

flexibility was investigated by Leighton (1964). Training took place
for 8 weeks, consisting of exercises which covered the whole body,

such as squats, deadlifts, presses, and curls. Strength training

resulted in significant flexibility increases in 27 of 30 measures,

with three measures showing no change. Leighton (1964) also

compared a Mr. America and a World Champion Olympic lifter with a

group of 16-year-old boys, on 30 flexibility measures. Mr. America's

flexibility was greater in 16, equal in 8, and less than in 6 tests,
while the Olympic lifter was greater in 14, equal in 6, and less than

in 10 tests. Interestingly, shoulder and arm measures accounted for
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the majority of the lower flexibility measurements, possibly as a
result of the great accumulation of mass in the shoulder and upper
pectoral regions of the weightlifters (Anderson et a)., 1984).
Leighton (1964) concluded that weight training for increased muscle
strength and size appears to increase flexibility.

Strength training utilizing a full range of motion may maintain
and increase flexibility, resulting in greatly enhanced coordinated
motions (Anderson et a)., 1984; O'Shea, 1976; Stone & O'Bryant,
1987; Wathen, 1987). The effects of an 11-week free weight
training program on range of motion was investigated by Thrash and
Kelly (1987). College-age men trained for three sets of eight
repetitions, with the core exercises consisting of squats and bench
presses. A significant increase in ankle and shoulder flexibility was
observed. The authors concluded that weight training does not
impair flexibility and can increase range of motion in some joints.
Wathen (1987) suggested that strength training elicits many of the
same responses as stretching, and Anderson et a). (1984) suggested
that properly employed strength training exercises are more
effective than traditional flexibility exercises at improving range of
motion. This point is further illustrated by sports medicine's
practice of using rubber tubes to increase strength and flexibility
throughout a range of movement (Anderson et al., 1984). Jensen and
Fischer (1979) reported that among athletes, Olympic weightlifters
were second only to gymnasts in a composite score of several
flexibility tests. O'Shea (1981) stated that strength training
emphasizing full squatting resulted in improvement in the
flexibility of the hamstrings, hips, and lower back, and that when



combined with the added strength developed, increased control and
stability in other activities. Strength training allows one to perfect
flexibility simultaneously with strength (Matveyev, 1981), causing
increased performance throughout the full range of motion (Anderson
et al., 1984; Matveyev, 1981). This provides increases in flexibility

that are both comprehensive in nature and joint specific (Anderson

et al., 1984) and allows for increased performance of functional
tasks (Anderson et al., 1984; O'Shea, 1976).

Muscle Power
Power and Aging

Power represents the amount of work a muscle can produce per

unit of time; the product of force and velocity (Komi, 1991). An

increase in power enables a person to improve performance in tasks

which require strength with speed (Adams et al., 1992), which
relates to many of the functional and sport activities of the older
adult. The literature review revealed no studies dealing specifically
with power in the aging adult; however, it is possible to make some
inferences from other research.

The ability of the neuromuscular system to develop high action

velocities, or power, depends on the recruitment and firing
frequencies of the motor units and the contractile characteristics of
the respective muscle fibers (Schmidtbleicher, 1991). The close
working relationship between neuromuscular efficiency (e.g.,

multiple fiber recruitment and facilitating the stretch reflex) and
dynamic power performance was clearly demonstrated by Adams et

al. (1992). Sale (1991) suggested that the increased neural

adaptation as a result of strength training may increase the
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recruitment of higher threshold, higher force motor units, thereby
increasing muscular power. Observations of athletes unfamiliar
with strength training demonstrates their inability to recruit the
highest threshold motor units (Sale, 1991).

Type II, (fast-twitch) muscle fibers are associated with high

velocity, power movements (Komi, 1984; Noth, 1991). Significant

correlations were found between type II fiber percentage and

mechanical power output as measured by vertical jump (Komi, 1984).

Type II fibers have been shown to decrease with age (Larsson et al.,

1979; Essen-Gustavsson & Borges, 1986), suggesting decreased

power capabilities (Komi, 1984). This age-related decline of type II

fibers is reversible through strength training (Larsson, 1982;
Frontera et al., 1988), making strength training a possible

mechanism for maintaining and improving power in the aging adult
(O'Shea, 1976; Stone & O'Bryant, 1987).

Properly designed strength training programs also increase

neuromuscular coordination (Komi, 1984; O'Shea, 1976;

Schmidtbleicher, 1991), which leads to increased power (Komi,
1984; O'Shea, 1976). This is especially critical in the elderly,
where coordination problems and low mechanical efficiency can

affect basic functional tasks (Frontera et al., 1988; J. P. O'Shea,

personal communication, May 15, 1991).

In conclusion, it is important to note that strength training alone
is not the best method of improving muscular power (Adams et al.,
1992; Komi, 1991; Sale, 1991). Optimum power development

involves a combination of specialized weight training combined with

stretch-shortening exercises such as plyometrics (Adams et al.



1992; Chu, 1991; Komi, 1991). The increased neuromuscular

capabilities provided by strength training, however, does allow for
greater power potential (Sale, 1991; O'Shea, 1991). Future research

should be directed at middle-aged and elderly people utilizing power

weight training with specialized plyometric exercises.
Machines Versus Free Weights

The response to strength training depends on many factors. One

important factor is whether or not strength training is done on
machines or free weights (O'Shea, 1976). On the surface among

exercise science professionals and lay people, a controversy appears

to exist over which method is best. However, when one digs deeper

among strength physiologists, strength coaches, and strength

athletes, this controversy disappears. These strength oriented

people clearly choose free weights over machines for the

development and maintenance of athletic strength, size, and power

(Garhammer, 1982; Hatfield, 1989; O'Shea, 1985, 1986; Stone &
O'Bryant, 1987). The review of the literature failed to find one

strength physiologist who promoted machines over free weights for
the development of athletic strength, size, and power.

Machine design is based on its ability to vary the resistance in

accord with the strength curve for the exercise concerned (Hay,
1991). No strength curves have yet been reported for full-range

multiple body joint movements (Hay, 1991), making it impossible to

duplicate these movements with a machine. Multi-joint exercises,

such as squats, cleans, and deadlifts, are the core of athletic type

strength training (Chandler & Stone, 1991; Matveyev, 1981; O'Shea,

1976; Stone & O'Bryant, 1987). These lifts train and work the body
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movements (Colliander & Tesch, 1990; O'Shea, 1976). Further,

machines were developed on the basis that increased strength

development would result from taxing the muscles to capacity
throughout the full range of movement (Hay, 1991). Training studies

to test the validity of this notion have repeatedly failed to
demonstrate that variable resistance exercise holds an advantage

over traditional, free weight methods (Atha, 1981; Hay, 1991;

Manning, Graves, Carpenter, Leggett, & Pollock, 1990). In contrast,

free weights have demonstrated greater improvements in strength

and power than machines (Adams et al., 1992; Coleman, 1977; Stone,

Johnson, & Carter, 1979; Sylvester, Stiggins, McGown, & Bryan,

1981; Wathen, 1980; Wathen & Shutes, 1982). Tesch (1991) stated

that there is no reason to believe that there are any weight training
devices that are more effective than free weights in providing
increases in muscle strength, power, and mass.

Athletic-type free weight training aids in developing free natural

biomechanical movements as required for functional living (O'Shea,
1981, 1986, 1987). Free standing, total body lifts result in training
the neuromuscular system, not one or two joints in isolation
(Garhammer, 1982). The neuromuscular similarities of major free
weight exercises to activities involving throwing, pushing, lifting,

carrying, and stabilizing, makes for superior transfer of training to
functional tasks (Adams et al., 1992; Anderson et al., 1984;

Garhammer, 1982; O'Shea, 1981, 1985, 1986, 1987). O'Shea (1976)

stated that the greatest positive transfer of training comes from
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athletic type exercises which allow power to manifest itself to a

greater degree.

Free weight training develops superior neuromuscular function,

especially in the muscle sensory systems (O'Shea, 1976). Free

weights provide proprioceptive-kinesthetic feedback similar to
functional activities (Stone & O'Bryant, 1987), resulting in

increased neuromuscular coordination among agonists, antagonists,

and synergists (Schmidtbleicher, 1991), which permits the mind and
body to develop and function in synchronization (Hatfield, 1989;

O'Shea, 1976; Stone & O'Bryant, 1987; Schmidtbleicher, 1991).

Machines hinder the development of neuromuscular coordination and

the antagonists and assistance muscles (O'Shea, 1976), since

machines eliminate the balance factor by "tracking" the weight and

providing constrained movement patterns (Anderson et al., 1984;

Garhammer, 1982; Hatfield, 1989). Further, machines restrict
acceleration, resulting in velocity profiles which deviate severely
from functional movements (Garhammer, 1982). Some machines do
not permit eccentric movements (Garhammer, 1982) severely

limiting training effects (Hakkinen, 1985, 1989; Komi, 1986).
Further, many machines eliminate counter-movements, which

decreases ballistic impulse and stretch reflex factors thus
decreases the training effect (Adams et al., 1992; Garhammer, 1982;
Komi, 1991).

Even in the rehabilitation setting there is no scientific proof that

machines are more effective than free weights (Tesch, 1991). On

the contrary, most experts suggest free weights are superior in the
rehabilitation setting, due to the increased variability, less
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constrained movement patterns, and multitude of exercise choices
(Stone & O'Bryant, 1987; Tesch, 1991). Further, free weights

provide for continuous long-term training motivation with a positive
training experience (Hatfield, 1989; O'Shea, 1976). Increases in

strength levels with free weights provide a motivational stimulus
that cannot be replicated with machines. Because machines are

different, they provide no universal basis for comparison of strength
levels. Free weight movements , on the other hand, are universally

accepted as the standards of strength, making positive competition

a tool for increased improvement and motivation (Hatfield, 1989;
O'Shea, 1976).

In addition to the scientific proof and opinions of strength

physiologists, the practical example of strength and power athletes
and coaches from around the world cannot be ignored. Athletes and

coaches have strived and experimented for years to optimize their
strength training regimens. Training programs of these people are
all based around free weight athletic-type movements (Garhammer &

Takano, 1991; O'Shea, 1976; Schmidtbleicher, 1991; Tesch, 1991).

Garhammer (1982) stated that most world-class strength and power

athletes do greater than 95% of their lifting with free weights. The

contribution of machines to training are small, and in many cases

the "machine influence" has hurt progress in strength training in the

U.S. (Garhammer, 1982; J. P. O'Shea, personal communication, March

17, 1992).

Free Weight Training and Bone Adaptation
Skeletal adaptations result from the environmental strains the

skeleton encounters (Carter, 1987). Athletic-type free weight



102

training optimizes applied strains on the skeletal system. The high

strain forces generated within the skeleton by muscular torques and
compressive loading when performing such movements as squats,

deadlifts, and cleans have yet to be duplicated by machine training
(Hay, 1991). Free weight training provides a diversity in imposed
loads not attainable with machines (Garhammer, 1982). This

diversity may result in greater positive bone adaptation than

attainable with the repetitive, "tracking" motions of machine
training (Carter, 1987; Rubin, 1984). Muscular torques on bones are
reduced by machines, since multi-joint, complex movements are

eliminated. Further torque reduction is caused by the machines

guided apparatus which limits the controlling and stabilizing
contractions of agonists, antagonists, and synergists (Hatfield,
1989). Eccentric training is limited or eliminated by machines,

severely decreasing muscular torque on bone and decreasing

adaptation (Hakkinen, 1989; Komi, 1986).

In conclusion, athletic-type free weight training utilizes such

exercises as squats and cleans, the cornerstones of the strength
training world (O'Shea, 1976). This type of training causes the
greatest stresses, strains, and adaptations of the neuromuscular and
skeletal systems (Granhed et aL, 1987; O'Shea, 1976; Stone, 1991).

No machine has been designed which can duplicate multi-joint, free

weight movements (Hay, 1991). Even though research on weight

training and bone adaptation is limited, there is no basis for
ignoring the scientific principles upon which strength training for
increased muscular strength, size, and power are founded, in favor
of the easier, less stressful, machine way.
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APPENDIX B

Physical Activity History Questionnaire

Number_________________ Age_________

Please answer the following questions as they pertain to you. It is
very important that you answer each question as accurately as
possible as the results of this questionnaire will affect the validity
of the study. This form will never have your name attached to it.
Only I will know which number corresponds to which name. Thank
you.

1. Overall fitness consists of strength, flexibility, aerobic
conditioning, and body fat level. How would you best describe your
present level of overall fitness?

Excellent ____Good ____Fair ____Poor

2. Do any of the following medical conditions apply to you now or
have they applied to you in the past?

YES NO
Shoulder or knee joint problems
Low back pain or spine problems
Neck pain
Arthritis
High blood pressure
Heart or circulatory problems
Diabetes
Seizure
Hernia
Other, please specify

3. Does your occupation involve heavy lifting on a regular basis?

No
Yes (What is it ?)



4. Do you stretch on a regular basis?

No
Yes

5. Have you used anabolic steroids?

No (Go to question 7)
Yes (If yes, _____currently, _____within 6 months?)

6. If yes to question 5 (you have used anabolic steroids), what
was/is your average daily dosage?

Less than 10mg/day
10 - 30mg/day

30 - 50mg/day
>50mg/day

1 04

7. Four different activity levels are described below. Please read
each and answer questions 7a and 7b that follow.

Group 1: Almost completely inactive: reading, watching TV,
movies, etc.
Group 2: Some mild physical activity once or twice weekly:
riding a bike, walking, softball, yard work, etc.
Group 3: Regular physical activity three or more times a week
for general fitness: cycling, running, weight training, racquetball,
etc.
Group 4: Regular hard physical activity or competitive style
training for any sport, four or more times per week.

7a. Which group best describes your activity for the past complete
year?_________________

7b. Indicate the group that best describes your activity for:
1982-1986 1987-1992

8. Do you participate in a weight training program?

No (Go to question 17)
Yes (If yes, how long? years/months)

If yes, please respond to the remaining questions, as
they pertain to your normal training year.
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9. Check all of the upper body and lower body lifts which you
perform during your normal workouts.

(upper body)
bench press
incline bench press
shoulder (military) press
t-bar rows

(lower body)
full squats
partial squats
front squats
hip/leg press

bicep curl
tricep pressdown
seated rows
bent rows

deadlifts
cleans
leg extensions
hamstring curls

10. Do you cycle (periodize) your training (vary the intensity,
volume, and frequency) during your normal training year?

No
Yes

11. Check the number of days which best represents your average
frequency of weight training during a normal week.

one day a week
two days a week
three days a week
four days a week
five days or more a week

12. Check the percentage of 1RM (one-repetition maximum) which
best represents your average intensity during a normal weight
lifting session.

less than 50% of 1 RM
50 70% of 1 RM
70-85% of 1RM
85 100% of 1RM
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13. Check the number of repetitions you normally perform on the
average during each set.

6 repetitions or less
6 - 10 repetitions
10 15 repetitions
15 repetitions or more

14. Check the number of sets you normally perform on the average
for each exercise. (i.e. bench press)

2 sets or less
3 sets
4 sets
5 sets or more

15. Check the number of sets you normally perform on the average
for each bodypart during a normal workout. (i.e. chest)

1 5 sets
5 8 sets
8 - 12 sets
12 - 15 sets
15 sets or more

16. Check the regimen which best represents the majority of your
training.

Bodybuilding
Powerlifting

Olympic Lifting
Conditioning

17. Do you participate in any regular physical activity that is not
part of a specific exercise regimen (i.e. heavy gardening, farming,
construction, etc.)?

No
Yes
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18. List all sports or activities in which you have participated
during the past year: (Examples include aerobics, tennis, golf, skiing,
cycling, jogging, hiking, heavy gardening, farming, etc.)

ACTIVITY HRSIWK MONTHS/YR

Ex. Aerobics 2 3



APPENDIX C

INFORMED CONSENT

TITLE: Strength, Power, Flexibility, and Bone Density in Aging Males.

INVESTIGATOR: Kent Adams, Doctoral Candidate, EXSS

Dr. John P. O'Shea - Chair

PURPOSE: To determine the effect of different intensities of weight

training on strength, power, flexibility, and bone density of aging
males.

I have received an oral explanation of the study procedures and

understand that I will sign a seperate form for bone density and
muscle strength testing.

It has been explained to me that muscle power testing will be

done using the vertical jump test. This testing will require that I

jump and reach as high as I can from a three-quarter squat position.

The height of the jump, combined with my time in the air and my

bodyweight, will reflect muscle power of the hips and thighs.
It has been explained to me that flexibility testing will be done

using a standard flexibility test. This testing will require that my
lower back is marked with a pen, and that I sit with legs flat on the
floor and bend as far forward as possible.

I understand that I will be required to warm-up prior to the
power and flexibility testing by biking for 5 minutes and stretching
according to the instructions of the investigators.

I understand that although the possibility of injury from the
power and flexibility testing exists, it is very slight since the
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testing will be closely monitored by trained personnel and preceded
by warm-up and stretching. Both tests are accepted exercise

science protocols, with only minimal risks such as strains or muscle
soreness. Previous experience in testing numerous individuals has

resulted in no injuries or soreness, and there is no evidence

indicating a potential for serious injury to subjects performing the
vertical jump.

I understand that Oregon State University does not provide a

research subject with compensation or medical treatment in the
event a subject is injured as a result of participation in the
research project.

The benefits of my participation include contributing to the

scientific study of strength, power, flexibility, and bone density in
the aging adult. I understand that I will gain valuable knowledge
concerning my levels of these parameters, as well.

I understand that my participation in the project will involve
approximately 2 hours.

I understand that my confidentiality will be maintained at all
times. At no time will my name appear on record form or in
computer files in reference to the study. A code number will be used
to identify my data and all records shall be kept using the code
number. The master list of names and code numbers will be

destroyed as soon as practical after the data are collected.

I have been completely informed and understand the nature and

purpose of this research. The researchers have offered to answer

any further questions that I may have. I understand that my

participation in this study is completely voluntary and I may
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withdraw from the study at any time without prejudice or loss of
the benefits to which my participation entitles me. Questions about
the research or any aspect of my participation should be directed to
Kent Adams at 737-6793. I have read the foregoing and agree to
participate.

Subject Signature

Address
Date

Investigator's Signature_______________________ Date
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!J J Ii1E

INFORMED CONSENT

TITLE: The Relationship Between Bone Density and Muscle Strength

INVESTIGATOR: Christine Snow-Harter, Ph.D.

PURPOSE: To determine if there is a relationship between bone

density and muscle strength

I have received an oral explanation of the study procedures and

understand that I will sign a separate form for bone density testing.
It has been explained to me that muscle strength testing will be

done using an isokinetic machine to measure strength in my back,
legs, hips, and arms. This testing will require that I push against a
lever arm with my legs, back, or arms with as much force as I can.
lsokinetic means that the speed at which I perform the movement is
held constant throughout the exercise. The effort that I make to
move the equipment will reflect the strength of the muscles that
are tested. I understand that I will be required to warm-up prior to
the strength testing by biking for 5 minutes and then stretching
according to the instructions of the investigators. Each exercise to
be tested will then be performed several times at low intensity to

increase my familiarity with the movement. The actual testing will
follow with approximately 2 minutes rest separating exercises.

I understand that although the possibility of injury from the
strength testing exists, it is very slight since the testing will be
closely monitored by trained personnel and preceeded by warm-up
and stretching. Previous experience in testing 200 individuals has
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resulted in no injuries or soreness. I understand that the University
does not provide a research subject with compensation or medical
treatment in the event a subject is injured as a result of
participation in the research project.

The benefits of my participation include contributing to the

scientific study of the relationship between muscle strength and
bone density. I understand that I will gain knowledge concerning my
muscular strength and bone density, as well.

I understand that my participation in the project will involve
approximately 2 hours.

I understand that my anonymity will be maintained at all times.
At no time will my name appear on record form or in computer files
in reference to the study. A code number will be used to identify my

data and all records shall be kept using the code number.

I have been completely informed and understand the nature and

purpose of this research. The researchers have offered to answer

any further questions that I may have. I understand that my
participation in this study is completely voluntary and I may

withdraw from the study at any time without prejudice or loss of
the benefits to which my participation entitles me. Questions about
the research or any aspect of my participation should be directed to
Dr. Snow-Harter at 737-6788. I have read the foregoing and agree to
participate.

Subject Signature
Address

Date

Investigator's Signature__________________ Date
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APPENDIX E

BONE MINERAL DENSITY EVALUATION IN APPARENTLY
HEALTHY MEN AND WOMEN

It has been explained to me that the purpose of this study is to

evaluate the role of physical activity in reducing the incidence of
osteoporosis. Osteoporosis is a bone disease characterized by

fractures of the vertebrae, wrist and proximal femur (hip). The

disease affects men and women, but is more prevalent in women,

afflicting one in four women over the age of 60 in this country. The

bone loss which leads to fractures begins early in the twenties in
the axial skeleton (vertebrae, hip) and in later adulthood in the

appendicular skeleton (wrist). Osteoporosis is caused by a number

of factors which include genetics, reproductive hormones levels,
calcium intake and physical activity. Although current knowledge

suggests that athletes have stronger bones, the mode/s of exercise

that best promote an increase in bone mass remain/s controversial.

The long-term objectives of this study are: 1) to determine whether
athletic populations experience normal, age-related bone loss and 2)

to identify the types of exercise which can be safely prescribed for
improving bone density and reducing bone loss in men and women

across the lifespan. These objectives will be met by studying the

relationship between exercise training and bone mineral density

values in men and women of different ages who have a broad range of

physical activity patterns.
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I have been invited by Dr. Christine Snow-Harter to participate in

this evaluation of bone mineral density of my spine, hip and/or
whole body. It has been explained to me that the instrument used to

measure my skeleton (a bone densitometer) uses very low levels of

radiation to assess mineral content. Additional information on my

body composition (percent muscle and fat tissue) will be derived

from data collected during the whole body scan. I have been selected

because I am healthy, not pregnant and have no history of medical

conditions that would affect my skeleton. Prior to the bone density
evaluation, I understand that I will be asked to complete a health
and activity questionnaire.

I understand that, unless I am on birth control pills, I will have

testing conducted during my menstrual flow or within one week of
onset. I have been informed that if I am pregnant or plan to become

pregnant, I should not participate in this study. Further, if I become

pregnant, I will be asked to inform the researchers immediately and

withdraw from the study.
I have been informed that the scan requires that I lie quietly on a

table for eight minutes for spine and hip evaluation and 15 minutes
for whole body mineral determination. I understand that I may be
asked to have up to three scans a year.

This technique used to assess bone mineral content gives an

accurate measure of bone density with a very low exposure to

radiation. It has been explained that this radiation dose is

considered safe to administer on several occasions to women/men in

my age group provided that the women are not pregnant. The

external beam is the only ionizing radiation to which I will be
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exposed. No injections are given and there are no known hazards

from radiation at such a low level. By extrapolation from effects
known to occur at high doses, there is less than one chance in a

million of causing either malignancy or heritable disease. The only
studies that have shown statistically detectable increases in

malignancy risk from radiation in children have been at radiation

levels more than 1000-fold greater that the doses used here. The

calculated radiation exposure with this procedure per scan is
approximately 2-5 millirads for a spine and hip scan and 1.5
millirads for a whole body scan. For comparison, a person can be

expected to receive about 160 millirads per year from the

environment, and about 40 millirads from a standard 2-position
chest X-ray. Therefore, risk from participation in this study is
negligible. I further understand that I will experience no discomfort
from the procedures.

I understand that this measurement of bone mineral density will

give me an accurate indication of my bone density and strength in

addition to knowledge of my body composition. This information
will be valuable to me, to my doctor and to Dr. Snow-Harter and her

associates for the determination of bone mineral densities in
athletes and healthy individuals across many ages. Further, this
evaluation is offered at no charge. The average cost of bone density

assessment is $250-300 and a body composition analysis is $20. I

have been informed that this evaluation is not diagnostic and that

any questions regarding my mineral density report should be

directed to my physician.
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I understand that I am to participate in this study without

monetary compensation and that there will be no cost to me for my
participation in this study. If I have any questions about the
research or my rights, I understand that Dr. Snow-Harter at 737-
3222 will be happy to answer them.

I understand that my anonymity will be accomplished by a number

coding system and that only the researchers will have knowledge of

my name. I have been informed that the results of this study may be

published in scientific literature and that any data that may be
published in such journal will not reveal my identity.

I understand that my decision whether or not to participate will

not cause prejudice toward me. If I decide to participate, I am free
to withdraw my consent and to discontinue participation at any time
without penalty or loss of benefits to which I am entitled.

Signature

Witness

Date
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APPENDIX F

PROPOSED STRENGTH TRAINING MODEL
FOR HEALTHY ADULT MEN

Selection list of lower body lifts:

Squats
Dead lifts
Stiff-leg Deadlifts
Lunges
Hamstring Curls
Toe Raises

Selection list of upper body lifts:

Bench Press
Incline Press
Flyes
Seated Rows
Lat Pulldowns
Military Press
Tricep Pressdowns
Bicep Curls

*Repetitions: 3 to 10 repetitions per set

*Sets: 4 sets per exercise for 8-12 sets per bodypart

*Frequency: 2-4 days per week, training each bodypart twice weekly

*lntensity: 75%-100% of 1RM

*lntensity volume, frequency, and exercise selection for each
program and during each session will vary based on the individual's
needs. Strength evaluations on the various apparatus will be
conducted periodically to determine performance levels and monitor
progress. Periodization of training will be utilized.




